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Abstract
Neuropsychological assessment is useful for identifying and predicting symptoms of
psychological disorders. Certain tests within a neuropsychological battery can be better
predictors of attention deficit-hyperactivity disorder (ADHD) symptoms than others. The
current study aims to contribute to the growing body of literature supporting the use of
neuropsychological assessment in identifying adult ADHD symptoms. Data includes 68
deidentified adults with ADHD collected retrospectively from a private neuropsychology
practice. A linear regression model (ANOVA) evaluated the relationship between the
dependent variable for Hypotheses 1-3 (Attention and Behavior Rating Form, total score)
and independent variables of D-KEFS Tower Test first move time and total achievement,
the 2 & 7 Test omission errors, CPT 3 commission errors, and ROCF Copy Trial time to
copy and a low accuracy copy score. Results did not find a significant association
between shorter first move time or total achievement on the D-KEFS Tower Test and
ABRF total scores. No association was found between commission errors on the CPT 3
and number of ADHD symptoms on the ABRF; however, a significant association was
found between number of omission errors on the 2 & 7 Test and number of ADHD
symptoms on the ABRF. Finally, no association was found between shorter time to copy
and a low accuracy copy score on the ROCF copy trial and more ADHD symptoms on
the ABRF. Analyses controlled for depression and anxiety as assessed by the PAI for
each hypothesis. Results may inform future ADHD assessment approaches and
potentially contribute to creating a more concise ADHD battery.
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CHAPTER 1: INTRODUCTION
Statement of the Problem
Neuropsychological assessments are helpful tools in identifying and predicting
symptoms of different psychological disorders. For example, a neuropsychological test
battery can be used to aid in the diagnosis of attention deficit-hyperactivity disorder,
(ADHD). Within a neuropsychological battery, specific assessments can be better than
others at predicting symptoms of ADHD. Among several measures that can be used with
a great deal of variation in assessment approaches and tools, the Conner’s Continuous
Performance Test-Third Edition, (CPT 3), the Ruff 2 & 7 Selective Attention Test (2 & 7
Test), the Delis-Kaplan Executive Function System Tower Test (D-KEFS Tower Test),
and the Rey-Osterrieth Complex Figure Test (ROCF) can all be used to identify and
predict certain ADHD symptoms. For example, Epstein, Conners, Sitarenios, and Erhardt
(1998) conducted a study with sixty clinic-referred adults with ADHD symptoms, finding
that they made more omission and commission errors on the Conners Continuous
Performance Test, Second Edition (CPT-II) when compared to adults without ADHD.
More recently, results of a comparison between a group of 60 adult ADHD patients with
48 adult non-ADHD patients indicate a higher number of commission errors on the CPT
3 (Baggio et al., 2019).
The 2 & 7 Test has been explored to examine different aspects of performance in
older adults. Knight, Mcmahon, Skeaff, and Green (2010) conducted a study to examine
the psychometric properties of the 2 & 7 Test to detect abnormal cognitive decline in
adults over the age of 65. Results of their study indicate that the test is sensitive to aging;
age affects the rate of decline in search speed for both controlled search speed and
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automatic search speed. These results also suggest that older adults use a controlled serial
search process for targets in both conditions (i.e., controlled and automatic). Examining
the 2 & 7 Test’s sensitivity to age helps provide a baseline for older adult performance on
the assessment. Furthermore, characteristics of older adult performance, such as slower
search speed, have been identified and should be taken into consideration prior to
factoring in a diagnosis of ADHD.
The D-KEFS has been used to examine the performance of children with ADHD
on tasks that require executive functioning. Wodka and colleagues (2008) found that
children 8 to 16 years old who were diagnosed with ADHD performed worse on
measures of basic skills, requiring less executive demand, and on tasks requiring more
executive demand, when compared to the control group. Current research suggests that in
addition to attention, executive dysfunction is another area of deficit in ADHD. For
example, children diagnosed with ADHD often exhibit poor planning and organizational
skills in addition to impaired response inhibition (Durston, 2003). Assessments such as
the D-KEFS Tower Test require planning and organization to successfully complete each
item.
The ROCF test targets planning and organizational skills. According to results
of a study conducted by Schreiber, Javorsky, Robinson, and Stern (1999), adults with
ADHD show impairment on configural accuracy, planning, and neatness. Furthermore,
adults with ADHD were found to exhibit executive dysfunction which could be identified
by the ROCF illustrations (Schreiber et al., 1999).
Overall, although there is some research to support the use of the Conners
Continuous Performance Test (CPT), the 2 & 7 Test, the D-KEFS Tower Test, and the
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ROCF in identifying ADHD symptoms, the current study builds on this field of literature
and examines which variables from these assessments are the best predicters of ADHD
symptoms from the ADHD criteria in the Diagnostic and Statistical Manual of Mental
Disorders-5th Edition (DSM-V). Furthermore, recent literature examining the CPT
typically references the CPT-II while the current study examines the CPT 3.
Purpose of the Study
Research has been conducted to investigate the performance of adults with
ADHD on the CPT. Although there is research to support performance differences in
adults with ADHD compared to adults without ADHD on the CPT, there is not much
research investigating adult performance on the CPT 3. Additionally, the 2 & 7 Test is
another assessment which can aid in the identification of ADHD symptoms. The DelisKaplan Executive Functioning Tower Test and the ROCF have been used to examine the
performance of adults with ADHD. The current study aims to investigate the ability of
the CPT 3, the 2 & 7 Test, the ROCF, and D-KEFS Tower Test to predict ADHD
symptoms in adults. As Such, the purpose of the current study is to contribute to the
growing body of literature supporting the accurate prediction of ADHD symptoms in
adults. Furthermore, the current study can help create a more concise neuropsychological
battery for adult ADHD patients.
Hypotheses
The current study explores three hypotheses:
H1. It is hypothesized that shorter first move time and lower total achievement
on the D-KEFS Tower Test will predict higher scores on the Attention and
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Behavior Rating Form (ABRF) while controlling for depression and anxiety
as assessed by the Personality Assessment Inventory (PAI).
H2. It is hypothesized that an elevated number of omission errors on the 2 &
7 Test and a high number of commission errors on the Conners CPT 3 will
predict higher scores on the ABRF while controlling for depression and
anxiety as assessed by the PAI.
H3. It is hypothesized that adults with a shorter time to copy and a low
accuracy copy score on the ROCF Copy Trial will predict higher scores on the
ABRF while controlling for depression and anxiety as assessed by the PAI.
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CHAPTER 2: LITERATURE REVIEW
ADHD
Attention Deficit-Hyperactivity Disorder (ADHD) is one of the most commonly
diagnosed cognitive disorders (Gualtieri & Johnson, 2005; Subcommittee on AttentionDeficit/Hyperactivity Disorder et al., 2011). Children are frequently assessed, diagnosed,
and treated for ADHD since the disorder has a significant impact on school performance.
For example, accommodations on tests, such as the Scholastic Achievement Test (SATs),
are designed to compensate for any disruptive symptoms associated with ADHD
(Gualtieri & Johnson, 2005; Vickers, 2010). Furthermore, inattention and distractibility in
school or work are common complaints in individuals with ADHD (Gualtieri & Johnson,
2005). ADHD is regarded as a lifelong neurodevelopmental disorder, therefore, although
children are often the target population for the assessment of ADHD, adults are now
being included in the increasing numbers of ADHD diagnoses (Gualtieri & Johnson,
2005; Nikolas et al., 2019).
According to the American Psychological Association (2013), functioning or
development can be impacted by persistent patterns of inattention and/or hyperactivityimpulsivity, which are associated with ADHD. The American Psychological Association
defines, inattention, hyperactivity, and impulsivity within the DSM-V: “Inattention” is
defined as wandering off task, lacking persistence, having difficulty sustaining focus, and
being disorganized in addition to behavioral implications that cannot be attributed to
defiance or lack of comprehension; “Hyperactivity” is defined as exhibiting behaviors
such as excessive fidgeting, tapping, or talkativeness and excessive motor activity at
inappropriate times; and “Impulsivity” is defined as exhibiting behaviors that occur in the
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moment and lack forethought, which are often likely to put the individual at risk for
harm.
Adults and children are diagnosed with ADHD after meeting criteria from the
Diagnostic and Statistical Manual of Mental Disorders-5th Edition (DSM-V). Individuals
must have six or more symptoms of inattention, and/or hyperactivity or impulsivity from
the DSM-V that persist for at least six months to a degree that deviates from the
individual’s developmental level. The symptoms must negatively impact social and
academic or occupational activities (American Psychological Association, 2013).
The American Psychological Association (2013) has conducted population
surveys which have identified that approximately 5% of children and 2.5% of adults have
been diagnosed with ADHD. It may be easier to identify ADHD symptoms in adults than
children. For example, ADHD symptoms may be first observed during preschool;
however, behaviors such as hyperactivity and other excessive motor activity may be
difficult to differentiate from typical toddler behaviors (American Psychological
Association, 2013). Difficulty in distinguishing normative child behavior from behaviors
associated with ADHD makes a diagnosis of ADHD in children more challenging.
Adult ADHD
ADHD is a disorder usually diagnosed in childhood; however, there is ongoing
debate about the late-onset of the disorder in adults (Sibley et al., 2018). Although limited
research exists on adults with ADHD, especially over the age of 40, the field is growing
(Seidman, 2006). For example, adolescents and young adults, who lack a childhood
diagnosis of ADHD, are seeking treatment within clinics for attention and
concentration concerns (Sibley et al., 2018). Additionally, adults presenting with
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symptoms of ADHD often seek information regarding stimulant medication to
compensate for their negative symptoms (Benson et al., 2015; McGough, 2016;
Olfson et al., 2014). As more adults are presenting with ADHD symptoms,
medication is often recommended as part of the treatment plan (Benson et al., 2015).
Although many adults seek information regarding medication, there is debate
over whether the use of stimulant medication is to enhance cognitive abilities in
typically developing individuals or to improve inattention, and/or hyperactivity and
impulsivity in adults presenting with ADHD symptoms (Sibley et al., 2018). Research
regarding the use of stimulant medication in adults with ADHD symptoms, such as
college students, has also shed light on the potential misuse of stimulant medication.
For example, according to Benson and colleagues (2015), a prevalent and growing
problem among college students is the misuse of stimulant medication. Misuse of
stimulant medication is described as using prescription stimulant medication without
a prescription or using more of the stimulant medication than directed (Benson et al.,
2015). College students reported their motives for stimulant medication misuse
related to academics, such as the desire for better concentration when studying,
improving study skills, staying awake longer to study, and improving concentration
overall (Benson et al., 2015). Determining both the need and motive for medication is
important in the diagnostic process of ADHD in adults. Although stimulant
medication is commonly used to treat ADHD symptoms and may be misused by
individuals to improve academic performance, research showing evidence for the
potential for addiction to stimulant medications is limited (Kolar, 2018).
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There is an increase in adults presenting with ADHD symptoms and birth cohort
studies provide evidence to support this late-onset of ADHD in adults (Agnew-Blais et
al.,2016; Caye et al., 2016; Moffitt et al., 2015; Riglin et al., 2016). Agnew-Blais and
colleagues (2016) examined prenatal and perinatal factors, clinical features, and family
environment in individuals who met diagnostic criteria for ADHD in childhood and
adulthood. Taking a developmental approach to examine ADHD has provided helpful
information to better understand the late-onset of adult ADHD (Agnew-Blais et al.,
2016). The prevalence of a late-onset form of ADHD in adolescents and adults ranges
from 2.5% to 10.7% (Agnew-Blais et al., 2016; Caye et al., 2016; Moffitt et al., 2015;
Riglin et al., 2016). Adult ADHD may be the result of different risk factors and outcomes
that were not present in childhood, thus differentiating childhood ADHD from adult
ADHD (Agnew-Blais et al., 2016). Agnew-Blais and colleagues (2016) examined 2,040
participants, 240 of which met diagnostic criteria for ADHD in childhood and 54 for
ADHD at 18 years of age. Among 166 individuals who were diagnosed with adult
ADHD, approximately 112 or 67.5% did not meet criteria for ADHD in childhood.
Similarly, Moffitt and colleagues (2015) examined 1,037 individuals belonging to a birth
cohort group and found that 90% of the adult cases did not have a history of ADHD in
childhood. Across these two studies, approximately 67.5% to 90% of the adults
experiencing ADHD symptom, did not have ADHD symptoms or a diagnosis of ADHD
in childhood. Results suggest that adults may be diagnosed with ADHD and not have a
childhood-onset neurodevelopmental disorder (Agnew-Blais et al., 2016; Moffitt et al.,
2015). In contrast, adults with late-onset of ADHD may have exhibited some symptoms
of ADHD as a child, however, the disorder was not recognized because of protective
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factors (Agnew-Blais et al., 2016). Factors such as a supportive family environment or
strong cognitive skills could mask the symptoms of ADHD. Due to these protective
factors, symptoms of ADHD may not become significant or cause impairment until
academic challenges within the school environment increase (Agnew-Blais et al., 2016).
To further fuel the debate over the late-onset of adult ADHD, measures have been
created to evaluate untreated ADHD symptoms that an adult may have experienced in
childhood. Despite appropriate or high functioning performance in the workplace and
other settings, an adult experiencing undiagnosed ADHD symptoms may continue to
have difficulty coping and experience a reduction in quality of life owing to significant
compensatory strategies, such as seeking external support or increasing organizational
skills (Asherson et al., 2012; Kysow et al., 2016). As protective factors in childhood may
mask symptoms of ADHD leading to impairments in adulthood, the Wender Utah Rating
Scale (WURS) has been utilized to retroactively diagnose ADHD (Ward et al., 1993).
Predominant symptoms of inattentiveness experienced by a child with no comorbid
disruptive behaviors may have gone unrecognized in childhood, but may become more
apparent in adulthood (Asherson et al., 2012). The WURS may help to identify and
evaluate previous symptoms. The WURS is a self-report questionnaire comprised of 61
questions which are to be answered by an adult regarding their childhood behaviors
(Ward et al., 1993). There are five possible responses ranging from zero to four points
with a maximum score of 100 and a minimum score of zero (Ward et al., 1993). Using a
cutoff score of 46, approximately 86% of adult patients who completed the questionnaire
were correctly diagnosed with ADHD (Ward et al., 1993).
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As ADHD symptoms in childhood may continue to go unrecognized, symptoms
in adulthood may become more apparent as demands for independence and socialenvironmental demands increase (Asherson et al., 2012). Furthermore, symptoms of
ADHD may manifest differently in adulthood, such as irritability, impatience, difficulty
sleeping, and the use of drugs or alcohol as coping mechanisms (Asherson et al., 2012).
Retrospective measures, such as the WURS, consider developmental changes in the
expression of symptoms in adulthood when compared to symptom expression in
childhood (Asherson et al., 2012). As symptom presentation may change during the
transition into adulthood, the WURS can also be used to assess adult patients
experiencing ambiguous symptoms of psychopathology that may be comorbid with
ADHD (Ward et al., 1993).
Demographic Variables
Age and Sex Related to ADHD
Although ADHD is often recognized as a childhood disorder, symptoms persist
into adulthood in approximately 30-50% of diagnosed children (Mannuzza et al.,, 1991).
The continuation of ADHD symptoms into adulthood may negatively impact different
areas of functioning. For example, longitudinal research following children with ADHD
into adulthood, has indicated that adults with ADHD, when compared to those without
ADHD, exhibit deficits in social functioning and economic attainment (Klein et al.,
2012). Additionally, studies examining the expression of ADHD symptoms in adults
suggest that systemic differences in clinical presentation exist due to the potential
influence of age and gender (Balint et al., 2009). For instance, differences in the stability
of ADHD symptoms throughout the lifespan exist, in that symptoms associated with
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inattention typically remain stable, whereas symptoms associated with hyperactivity and
impulsivity may decline with increasing age (Biederman et al.,, 2000; Semeijn, 2015).
Furthermore, although the intelligence quotients (IQs) of children may often be within
the Average range, they may experience difficulties with psychosocial skills, such as
inhibition of social and cognitive behavior, lack of self-control, and high scores on tests
of impulsivity and aggression exist (Armstrong et al., 2001). Differences between adults
and children with ADHD have been found in the areas of distractibility, psychomotor
speed, and verbal learning and memory (Armstrong et al., 2001). Despite notable
symptoms of ADHD persisting into adulthood, better compensatory strategies develop
with age which may mask the severity of symptoms (Barkley, 1990; Kysow et al., 2016).
Balint and colleagues (2009) found that the performance of adults with ADHD on tasks
of simple attention was significantly dependent on basic psychomotor reaction time, an
area less impaired in adults, when compared to performance on more complex attention
tasks. In other words, adults with ADHD tend to exhibit a higher level of distractibility
on more complex attention tasks. To help increase the accuracy of ADHD diagnosis,
some researchers suggest the need for specific age-based diagnostic criteria within the
DSM-V (Ramtekkar et al., 2010).
In addition to research suggesting age-related differences in ADHD, further
research suggests ADHD symptom differences exist between males and females (Balint
et al., 2009). Although early emergence of ADHD symptoms occurs somewhat equally
for both genders with the age of onset from about infancy to 7 years, there are distinct
observable differences in the prevalence of ADHD between males and females during the
early ages (Barkley, 1988). Although previous research has shown differences in the
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prevalence of ADHD symptoms between genders, conflicting research exists that
outlinines the specific differences in symptom characteristics. For example, in contrast to
Horn and colleagues’ (1989) research indicating male and female children were similar
across a majority of symptoms, McDermott (1996) suggests that girls tend to exhibit
fewer ADHD symptoms when compared to boys. On the same token, Ramtekkar and
colleagues (2010) found the prevalence of inattentive and combined subtypes of ADHD
to be higher in males than females.
Balint and colleagues (2009) have also found sex differences in
neuropsychological test performance. When compared to normal controls, a significant
relationship was found between the overall sex ratio and performance on the Stroop
interference test score of adults with ADHD (Balint et al., 2009). More specifically,
within the overall sample and compared to the control group, a higher proportion of
males contributed to poorer functioning within the ADHD group (Balint et al., 2009).
Taken together, these findings indicate that, on tasks of attention measured by the Stroop
interference test, females with ADHD outperform males. Although females performed
better than males on attention tasks, it is evident that differences in attentional
dysfunction exist across males and females (Balint et al., 2009).
Race and ADHD
Disparities exist regarding race differences and the occurrence of ADHD.
Caucasian children have a lower prevalence of ADHD symptoms than African American
children do (Costello & Janiszewski, 1990; Jarvinen & Sprague, 1995; Reid et al., 1998).
Furthermore, African American children may be at an increased risk for the development
of ADHD due to the exposure of prenatal risk factors including psychosocial stressors
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and economic disadvantages (Reid et al., 1998; Samuel et al.,1999). However, recent
research suggests that African American children in the United States are 70% less likely
to be diagnosed with ADHD than white children are (Morgan et al.,, 2014).
Inconsistencies may exist due to underdiagnosis in African American children and
overdiagnosis in Caucasian children (Coker et al., 2016). Furthermore, differences in the
tolerance of hyperactive behavior may exist across cultures, impacting rate and
prevalence of diagnosis (Gomez-Benito et al., 2019). Additionally, methodological
differences or inappropriate diagnostic assessment measures of criteria may contribute to
racial differences in ADHD prevalence (Gomez-Benito et al., 2019). For example,
researchers suggest that the underlying concept of ADHD and the instruments used to
assess the disorder are biased in that neither the concept or instruments consider cultural
differences and are instead aligned with a Western perspective (Anderson, 1996; Barkley,
1998; Bird, 2002). ADHD may be considered a global phenomenon; however,
differences exist in the conceptualization of the disorder, perhaps due to variations in
behavioral and educational expectations across cultures (Smith, 2017). Furthermore,
differences may exist in the definition of the disorder. For example, children in the UK
with hyperactive behavior may be more likely to be diagnosed with conduct disorder
whereas children in the US are more likely to be diagnosed with ADHD because of
hyperactive behavior (Faraone et al., 2003)
Although research suggests the presence of cross-cultural differences in the
diagnosis of ADHD, challenges exist in determining if observed differences are the result
of a natural difference or the incorrect application of a measure (Reid et al., 1998). For
example, culturally diverse individuals have been inappropriately assessed owing to tests
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not being administered in the correct native language (Reid et al., 1998). Incorrect
assessment of disabilities, such as ADHD, owing to cultural differences is a rising
problem and often leads to incorrect diagnoses (Reid et al., 1998). The use of a single
ADHD assessment measure without the appropriate cultural and ethnic considerations
may not appropriately account for equivalent behavioral differences across cultures
(Flowers & McDougle, 2010). Individuals should be assessed across multiple settings
and with culturally appropriate measures prior to making a diagnosis of ADHD (Bailey et
al., 2010). According to Marsella and Kameoka (1989), an assessment tool can only be
accurate and equivalent across cultural groups if it demonstrates conceptual and
normative equivalence. Furthermore, training clinicians in culturally sensitive evaluation
methods increased educative resources and awareness about ADHD, and providing
information about ADHD biases and stereotypes are strategies that can be applied to
overcome incorrect assessment and diagnostic approaches (Bailey et al., 2010).
In addition to cautious examination of cultural differences in the diagnosis of
ADHD, self-report measures and structured interviews have been used to conduct
familial and genetic research to study the presentation of ADHD among different races.
Samuel and colleagues (1999) studied African American male and female probands with
(n=19) and without (n=24) a clinical diagnosis of ADHD, between the ages of six and 17.
Within their study, the two probands consisted of 37 and 52 first-degree biological
relatives. The control relative group was comprised of seven adolescents older than 12
years of age, five children, and 40 parents, whereas nine adolescents older than 12 years,
three children, and 25 parents comprised the ADHD relative group (Samuel et al., 1999).
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Diagnostic assessments were based on modified structured interviews from the
DSM-III-R to allow for DSM-IV diagnoses. Siblings were assessed for psychiatric
disorders using the Schedule for Affective Disorders and Schizophrenia for School-Age
Children-Epidemiologic version (K-SADS-E). Diagnoses of the siblings were made
owing to independent interviews with the mothers and direct interviews with siblings
except for the children younger than 12 years of age, as they were not directly
interviewed. Direct interviews were conducted with parents to assess for a diagnosis
using the Structured Clinical Interview for DSM-III-R (SCID). Parents were also assessed
for a childhood diagnosis using the SCID and specific modules from the K-SADS-E
outlining childhood DSM-III-R diagnoses (Samuel et al., 1999).
Samuel and colleagues (1999) found that ADHD is a familial disorder among
African American children. They also found ADHD to occur at high rates within firstdegree relatives. Finally, consistent with previous research, African American, ADHD
probands with first-degree relatives diagnosed with ADHD were found to be at an
increased risk for antisocial, mood, anxiety, and substance use disorders. (Samuel et al.,
1999).
More recently, self-report measures and structured interviews were utilized to
examine the impact of familial characteristics of adversity and dysfunction on ADHD
across races. Foley (2011) compared family adversity and family dysfunction in families
whose children were diagnosed with ADHD to families whose children did not have a
diagnosis of ADHD. Child participants consisted of 36 boys and 19 girls for a total of 55
children between the ages of 6 and 11. Caregiver participants consisted of 52 biological
mothers, 3 adoptive mothers, and 2 biological fathers, for a total of 57 caregivers. The
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sample included White, African American, Hispanic or Latino, and Asian races (Foley,
2011).
One self-report questionnaire and one structured interview were used to assess
ADHD. The Revised Conners’ Parent Rating Scale Questionnaire, Short Form (CPRSR:S) and the ADHD module of the Diagnostic Interview for Children (DISC) were
administered for data collection. Foley (2011) also developed a questionnaire to assess
family adversity. Results indicate that, across the sample, parents of children diagnosed
with ADHD tend to exhibit more difficulties with familial organization and cohesiveness.
Additionally, results were independent of socioeconomic status. In other words, level of
adversity and dysfunction occurred regardless of level of income or race. Furthermore,
results suggest an increase in level of dysfunction owing to a parent with a diagnosis of
ADHD. For example, maintaining family organization and cohesiveness are areas
negatively affected when a parent had a diagnosis of ADHD. A limitation of this study
overall, was the small sample size. Despite a comparison between races, the sample
consisted primarily of white children (Foley, 2011). Perhaps a larger sample of other
races may contribute to conflicting results across races.
Overall, although some studies have provided evidence to support cultural
differences in the presentation and diagnosis of ADHD, consideration should be given to
the use of assessment tools to ensure accurate and representative results. Furthermore, it
is important to consider other potential factors that may have an effect on outcomes
within a certain population, such as familial diagnoses of ADHD. Furthermore, race and
ethnicity may have an impact on an individual’s endorsement of symptoms, thus
impacting results (Reid et al., 1998). For example, ethnicity is often one of the most
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common predictors of discrepancies in reporting of symptoms (Harvey et al., 2013).
Consideration of these factors may lead to more comprehensive results.
Education and Employment Related to ADHD
Educational performance and attainment are often negatively affected owing to
difficulties in functioning related to ADHD. Additionally, adults with ADHD may
experience decreased productivity and success at work as a result of academic difficulties
during childhood (Kuriyan et al., 2012). Longitudinal research following children
diagnosed with ADHD, has found evidence supporting impairments in functioning that
persist into adulthood (Barkley et al.,, 1990; Barkley et al., 2006; Klein, 2012). In
addition to the educational difficulties and the academic experience in and of itself, the
time period after high school may be challenging for young adults as formal structure
decreases and available options for life choices increase (Schulenberg et al., 2004).
Educational and occupational attainment are often areas negatively affected by the
persistence of ADHD symptoms into adulthood (Klein, 2012).
Difficulties later in adulthood attributed to ADHD stem from school-related
difficulties during primary school (Frazier et al.,, 2007). School-related difficulties owing
to a diagnosis of ADHD include disruptive classroom behavior and academic
underperformance on measures, such as standardized achievement tests (DuPaul, 2007;
Frazier et al., 2007). Academic difficulties during elementary school may not only persist
into middle and high school, but can even worsen (Kent et al., 2011). Lower grades and
class placement, higher suspension and expulsion rates, class failures and absenteeism,
and a lower likelihood of graduating high school are factors associated with adolescents
with ADHD compared to adolescents without the disorder (Barbaresi et al.,, 2007;
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Fischer et al., 1990; Hechtman & Weiss, 1983; Kent et al., 2011; Mannuzza et al., 1993;
Molina et al., 2009; Robb et al., 2011). Furthermore, mediating variables, such as
classroom performance, homework management, and behavior problems, have been
identified in the association between ADHD and academic achievement through
longitudinal research (Langberg et al., 2011; Rapport et al., 1999). As individuals
experience frequent, severe, and persistent academic and behavioral difficulties
throughout childhood owing to ADHD, challenges can be expected to become pervasive
throughout adulthood in the pursuit of employment and/or higher education (Kuriyan et
al., 2012).
As obstacles continue to arise, individuals diagnosed with ADHD at a young age,
tend to become less likely to pursue higher education as adults (Kuriyan et al., 2012).
Barkley and colleagues (2006) suggest that young adults diagnosed with ADHD have a
higher likelihood of working or becoming unemployed in their early twenties rather than
enrolling in college like their young adult counterparts without ADHD. Young adults
diagnosed with ADHD in childhood who pursued post-high school education were found
to complete fewer years of college in relation to a comparison group (Mannuzza et al.,
1997; Barkley et al., 2008).
In addition to difficulties in post-high school academic pursuits, adults diagnosed
with ADHD in childhood have been found to attain lower employment status compared
to individuals with ADHD (Kuriyan et al., 2012). Both Mannussa and colleagues (1993)
and Barkley and colleagues (2008) conducted longitudinal studies and found that young
adults diagnosed with ADHD in childhood had lower-ranking occupations in relation to a
comparison group. In addition to employment status, young adults with a childhood
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history of ADHD more frequently experience unstable employment situations compared
to their non-ADHD peers (Kuriyan et al., 2012). For example, young adults with a history
of ADHD tend to change employment more frequently, are less likely to obtain full-time
occupation, and have a greater likelihood of being fired (Barkley et al., 2006).
Despite significant academic and employment challenges, some researchers have
found sub-groups of children diagnosed with ADHD that achieve academic and
occupational success after high school (Kuriyan et al., 2012). Hechtman (1999) indicated
that 30% of adults diagnosed with ADHD in childhood achieved higher employment
status and graduated from college in relation to a matched normal control group.
Consideration of factors predicting academic and vocational outcomes for children
diagnosed with ADHD, such as behavioral and academic problems, may provide greater
insight into long-term achievement as adults owing to individual variability in post-high
school academic and vocational functioning (Kuriyan et al., 2012).
Anxiety and Depression and ADHD
In addition to educational and employment difficulties, a diagnosis of ADHD can
increase an adult’s susceptibility to other psychological disorders, such as anxiety and
depression (Fischer et al., 2002; Marks et al., 2001). Females with ADHD often
experience more internalizing problems, such as anxiety and depression, whereas males
with ADHD often experience more symptoms of hyperactivity and impulsivity (Hun et
al., 2008). Furthermore, the risk of antisocial behaviors, interpersonal difficulties, alcohol
and drug abuse, and other maladaptive behaviors can increase owing to ADHD in adults
(Fischer et al., 2002; Marks et al., 2001).
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Owing to the psychiatric comorbidity of anxiety and depression in adults with
ADHD, it is important to consider the occurrence of false positive ADHD diagnoses
(Faraone et al., 2000). False positive diagnoses of ADHD may occur as adults typically
look to ADHD symptoms as the reason behind life difficulties and, therefore, seek a label
of ADHD (Faraone et al., 2000). Societal and cultural demands perhaps perpetuate high
false positive rates among adults and should be considered when diagnosing ADHD
(Wakefield, 2016). Symptoms experienced by adults may be a consequence of a genuine
disorder; however, symptoms may exist owing to typical variation in adaptation skills to
societal demands (Wakefield, 2016).
False positives contribute to overdiagnosis of ADHD in adults owing to a lack of
differential diagnosis consideration (Paris et al., 2015). For example, anxiety disorders,
depressive disorders, and autism spectrum disorders should be considered as potential
rule-out diagnoses, as they share similar characteristics with ADHD. Considering
differential diagnoses facilitates a diagnosis of ADHD in adulthood. Additionally,
assessing for the co-occurrence of other disorders is crucial as comorbidity of adult
ADHD is considered expansive. Anxiety and mood disorders are often comorbid with
adult ADHD (Paris et al., 2015).
Comorbidity of depression or anxiety with ADHD may exist owing to familial
characteristics. Research examining familial interrelationships between ADHD and
anxiety disorders has suggested a relationship between the occurrence of both disorders
(Biederman et al., 1991). Additionally, studies of children whose parents were diagnosed
with a mood disorder, have been found to exhibit high rates of ADHD (Keller et al.,
1988; Orvaschel et al,, 1988). In other words, the occurrence of comorbidity of anxiety
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and depression with ADHD was not found to be random, rather the comorbidity is the
result of specific patterns of symptoms and syndromes which occur in both the individual
and their families (Biederman et al., 1991).
Literature examining comorbid conditions associated with ADHD suggest that
impulsivity may be inhibited by anxiety while simultaneously making attentional tasks
worse (Brown, 2000; Pliszka et al., 1999). Additionally, individuals with ADHD and
anxiety may also struggle with working memory tasks and serial addition tasks (Brown,
2000). Individuals with ADHD and anxiety may experience dysfunction in daily life
activities owing to social and cognitive insufficiency rather than typical phobic or fearful
behavior often associated with anxiety (Schatz & Rostain, 2006). Cognitive performance
may be hindered as anxieties and fears regarding poor performance may be further
exacerbated by symptoms of ADHD (Schatz & Rostain, 2006). Overall, the comorbidity
of anxiety and depression with ADHD can further the symptoms of ADHD. Comorbidity
can change the presentation and course of ADHD (Schatz & Rostain, 2006).
Depression comorbid with ADHD presents several challenges. For example, it is
often difficult to evaluate the presence of ADHD as depressive symptoms can mask
ADHD symptoms. Treating depressive symptoms first may help to better target ADHD
symptoms. The symptoms associated with depression, such as frustration, anxiety, or
irritability may improve once treatment has begun (Binder et al., 2009). As depressive
symptoms ameliorate, symptoms of ADHD should be re-evaluated (Binder et al., 2009).
Treatment of both ADHD symptoms and depressive symptoms should be collaboratively
chosen with the patient (Binder et al., 2009). Furthermore, it is important to determine
which disorder is more significant. For example, if an individual has both ADHD and
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depression, but ADHD is the “primary disabling condition” (Binder et al., 2009, p. 143),
the ADHD should be a treatment priority.
As ADHD is often associated with mild depressive symptoms, distress and
demoralization, primary treatment of ADHD may consequently improve depressive
symptoms (Binder et al., 2009). In other words, choosing the more significantly lifeimpacting disorder is the first step prior to choosing a treatment approach. Upon
treatment of the first disorder, symptoms of the second disorder may decrease. Although
it is typically undesirable to treat both disorders at the same time, simultaneous treatment
is occasionally necessary if both disorders are significantly impacting functioning (Binder
et al., 2009).
Similar to depression, comorbidity of anxiety and ADHD is significant among
older adults (Michielsen et al., 2013). When examining anxiety symptoms in adults,
adults with ADHD were found to report consistently high levels of anxiety symptoms
over time when compared to adults without ADHD (Michielsen et al., 2013).
Additionally, reported anxiety symptoms were less likely to fluctuate over time when
compared to depressive symptoms in adults with ADHD. Researchers have suggested
genetics as an underlying etiology for the co-occurrence of ADHD and anxiety (Jarrett &
Ollendick, 2008). Furthermore, research suggests that ADHD may negatively impact an
individual’s regulatory control abilities in early childhood, which perhaps perpetuates
significantly negative withdrawal or anxiety (Michielsen et al., 2013). Anxiety may
continue to persist into adulthood if ADHD symptoms impact abilities to appropriately
cope with anxious symptoms.
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Overall, comorbidity of ADHD and anxiety or ADHD and depression may
present additional challenges for older adults (Michielsen et al., 2013). Research suggests
treatment and prevention in older adults should focus on the co-occurrence of anxiety,
depression, and ADHD, rather than one of the disorders (Michielsen et al., 2013). When
older adults are being assessed for ADHD, other comorbidities, such as anxiety and
depression, should be assessed in order to appropriately diagnosis and treat the individual
(Michielsen et al., 2013).
Neuropsychological Assessment
Phenomenology of ADHD, correlates, developmental course of the disorder, and
treatment, are all areas that researchers are continuing to study (Nikolas et al., 2019).
Identifying the most accurate diagnostic method for ADHD among adults continues to
remain a challenge (Nikolas et al., 2019). For example, inattention and disorganization,
symptoms associated with ADHD, are often experienced by young adults, such as college
students (Nikolas et al., 2019). Additionally, the subjectivity of symptoms is an added
challenge (Gualtieri & Johnson, 2005). As a result of the commonality of these symptoms
within the adult population, difficulties arise for general medical professionals who lack
specialized training in the diagnosis and understanding of ADHD (Nikolas et al., 2019).
For example, medical professionals may struggle to differentiate between adults with
sufficient symptoms and those with occasional or situational issues (Nikolas et al., 2019).
Furthermore, cognitive symptoms associated with depression and anxiety, such as
attention and concentration difficulties, create additional complications in the
differentiation between and diagnosis of ADHD in adults (Nikolas et al., 2019). Other
symptoms occurring in adulthood, such as unhappiness stemming from emotional and
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organizational overload and affect integration difficulties, can be attributed not just to
ADHD, but to personality disorders (Schoechlin & Engel, 2005).
To aid in the accurate diagnosis of ADHD in adults, neuropsychological
evaluations are often utilized. Neuropsychological evaluations are a compilation of
various assessments to examine different areas of brain functioning, such as executive
functioning. For example, IQ tests, such as the Wechsler Adult Intelligence Scale are
administered in combination with other assessments, such as the CPT, a computerized
assessment (Gualtieri & Johnson, 2005). The aim of neuropsychological assessments are
to identify dysfunction in neuropsychological processes, distinguish potential changes in
cognitive strengths and weaknesses over time, and guide treatment planning through
appropriate recommendations (Casaletto & Heaton, 2017).
Furthermore, to gain a greater understanding of functioning, observer- and selfrating scales are often used in addition to standardized assessments (Schoechlin &
Engel, 2005). Through the use of self-report rating scales, patients are able to provide
information regarding their attention, hyperactivity and other behavioral categories
within various settings, such as work and home (Schoechlin & Engel, 2005).
Furthermore, self-report measures facilitate assessing other domains of personality and
psychopathology that may not be assessed during a testing session. For example, the
Personality Assessment Inventory (PAI) is a self- report measure consisting of items that
assess multiple constructs, such as depression, anxiety, mania, and somatic complaints
(Morey & Lowmaster, 2010). The data collected from a self-report measure brings a
different perspective to an individual’s neuropsychological functioning. It is important to
consider the benefits and limitations of standardized neuropsychological assessments and
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self-report measures when not used collaboratively. Although self-report measures
provide subjective information that may be difficult to gather during standardized
assessment procedures, such as information regarding physical symptoms, neurocognitive
symptoms can be evaluated objectively through the use of a neuropsychological
evaluation (Schoechlin & Engel, 2005). Therefore, a more comprehensive evaluation
of a patient is obtained through the use of self-report data in collaboration with
neuropsychological assessment data.
Additionally, self-report measures assist in the evaluation and diagnosis of
ADHD in collaboration with laboratory measures of attention, such as the CPT
(Solanto et al., 2004). Although self-report measures provide important information
regarding physical symptoms, neuropsychological evaluations may provide important
information regarding impairments specifically related to ADHD (Solanto et al., 2004).
Neuropsychological assessments help to target areas not assessed by self-report
questionnaires. For example, on complex attention tasks, neurocognitive functions,
such as focused attention and sustained attention were found to be impaired in adults
with ADHD (Schoechlin & Engel, 2005). These findings were consistent with
Barkley’s (1997) hypothesis that performance of hyperactive patients on executive
tasks requiring delayed reaction, problem solving, flexibility, and sustained attention
was worse compared to inattentive patients (Schoechlin & Engel, 2005). In contrast to
hyperactive patients, inattentive patients performed worse on tasks requiring memory,
focused attention, and speed of processing (Schoechlin & Engel, 2005).
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Assessments
Although there is clear evidence to support the use of neuropsychological
evaluations in identifying ADHD symptoms in adults, selection of the most appropriate
neuropsychological functions and the tools used to assess those functions remains a
challenge (Fuermaier et al., 2018). Multiple aspects of cognition, such as planning and
problem solving, inhibition and impulse control, and concept formation, are often
affected in adults with ADHD, making it difficult to choose the best measures to assess
for neuropsychological impairment (Fuermaier et al., 2018). It would be unrealistic and
near impossible to try to assess all neuropsychological functions thought to be negatively
impacted by ADHD (Fuermaier et al., 2018). Attempting to assess all possible areas of
impairment would significantly exceed the time constraint on any reasonable assessment
session (Fuermaier et al., 2018). Additionally, as no clear agreement has yet to be
established regarding the most perceptive and appropriate tools for assessing ADHD in
adults, neuropsychologists have many measures and resources from which to choose to
comprise a testing battery (Fuermaier et al., 2018). For example, over seventy measures
have been identified to assess adults with ADHD in comparison to healthy adults;
however, not all of the assessments have the same level of sensitivity as they have only
been used in limited studies (Fuermaier et al., 2018; Seidman, 2006).
Despite continued challenges in choosing appropriate evaluation measures,
neuropsychological assessment has evolved overtime as have the approaches used in
investigating brain-behavior relationships (Casaletto & Heaton, 2017). For example,
“finding a lesion” or deficit, is not only an objective of neuropsychological assessment,
but rather identifying the specific disruptions in patterns of brain-behavior relationships,
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that result in those potential deficits (Casaletto & Heaton, 2017, p. 779). To examine
potential areas of deficit and patterns in behavior, different batteries of
neuropsychological assessments exist, such as “fixed” or “flexible.” A fixed
neuropsychological battery is an assessment approach in which a specific standard
compilation of measures is administered to all patients regardless of their presenting
problem, symptoms experienced, or neuro-medical history (Casaletto & Heaton, 2017, p.
779). Despite the significant time needed for administration and greater expense, fixed
batteries are beneficial in that they allow for comparison of data across an array of
neurological disorders (Casaletto & Heaton, 2017).
In contrast with the standard nature of a fixed battery, a flexible battery takes a
patient’s referral, presenting problem, and neuro-medical background into consideration.
Within a flexible battery approach, a neuropsychologist has the ability to choose
assessments that target specific areas hypothesized to be related to the history of the
presenting problem (Casaletto & Heaton, 2017). Therefore, the administration of tests
within a battery is “flexible” in that the assessment approach changes based on the
patient’s referral question (Casaletto & Heaton, 2017).
Although fixed and flexible batteries each have their benefits and limitations,
neuropsychological batteries encompassing components of both approaches exist. For
example, the Meyers Neuropsychological Battery (MNB) contains both fixed and flexible
elements in an attempt to identify patterns in brain-behavior relationships (Rohling,
2015). The MNB was created approximately 20 years ago and is comprised of
assessments taken from other neuropsychological batteries, such as the Halstead Retain
Battery (HRB), Benton’s Iowa Neuropsychological Battery, and the Boston Diagnostic
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Aphasia Exam (BDAE; Meyers & Diep, 2000; Meyers, 2014; Reitan & Wolfson, 1985;
Benton et al., 1994; Kaplan et al., 1983). The MNB was administered to patients with a
history of brain injuries and to patients with no history of brain injury (Rohling, 2015).
Sensitivity and specificity within different pathological groups were analyzed from
assessment data and found to be successful in discriminating clinical individuals from
healthy controls (Rohling, 2015). For example, the MNB has been found to have
sufficient sensitivity and specificity for discriminating between patients with depression,
mild head injuries, and other medical problems (Meyers & Rohling, 2004). Additionally,
Meyers and Volbrecht (2003) examined the internal validity of the MNB using a group of
796 participants ranging from 16 to 86 years old and with 5 to 23 years of education.
Results suggested 83% sensitivity, 100% specificity and a 0% rate of false positives
(Meyers & Volbrecht, 2003). Non-Traumatic Brain Injury (TBI) patients were compared
to patients with TBIs to examine validity of the MNB (Meyers & Rohling, 2004). Results
indicated a 96% correct classification rate with a 99% specificity and a 90% sensitivity
rate (Meyers & Rohling, 2004). So, although it is challenging to select an appropriate
neuropsychological battery, the MNB has proven to be a successful, valid, and reliable
neuropsychological approach.
Despite the existence of and benefits to comprehensive fixed, flexible, or semiflexible batteries, another obstacle in the assessment decision making processes arises as
not all adults with ADHD will show an impairment on all neuropsychological tests
chosen for assessment (Fuermaier et al., 2018). Adults with ADHD have unique
neuropsychological profiles and may present differently despite the evaluation of the
same function (Fuermaier et al., 2018). For example, some patients may show an
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impairment in one area of functioning while other patients may not show impairment in
that same area, but show impairment elsewhere (Thome et al., 2012).
Although neuropsychological evaluations assess impairments in different areas of
cognitive functioning, it is important to note that neuropsychological assessments should
not be the sole basis for a diagnosis of ADHD (Fuermaier et al., 2018).
Neuropsychological evaluations should be used in collaboration with other tools, such as
interviews, medical records, self-report measures, and so forth. A neuropsychological
assessment provides an objective evaluation of symptoms and cognitive functioning.
Assessments help to objectify subjectively reported symptoms. Additionally, assessments
should be used to identify areas of strength and weakness in an individual’s functioning.
Identified areas of strength can then aid in treatment and intervention development
(Fuermaier et al., 2018).
Although there are many measures used to assess ADHD, current literature
provides some evidence to support the use of the CPT in identification of ADHD
symptoms in adults. Research regarding the use of the 2 & 7 Test is not as extensively
studied in comparison with the CPT. Current research also supports the use of the DKEFS and the ROCF in predicting symptoms of ADHD in adults (Wokdka et al., 2008;
Schreiber et al., 1999).
CPT and ADHD
In regard to the CPT, Epstein, Erkanli, Conners, Klaric, Costello, and Angold
(2003) investigated different variables within the CPT and the relationship between
those variables and behaviors associated with ADHD. They examined 817 children
with ADHD and found that some measures on the CPT (e.g., commission errors,
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mean hit reaction time) are strongly related to ADHD symptoms across all symptom
domains. Furthermore, increased variability in reaction times over time was also
related to most ADHD symptoms. Although this study was conducted with children,
the researchers provide important information regarding ADHD symptoms and how
they relate to the CPT, which will be helpful when examining ADHD symptoms in
adults. For example, errors of commission or providing a response when one is not
required signify symptoms of impulsivity, whereas errors of omission signify
symptoms of inattention. Furthermore, measures from the CPT predicted the presence
of a majority of ADHD symptoms suggesting a strong relationship between ADHD
and the CPT as a neuropsychological task. The CPT variable mean hit reaction time
(RT), which is the average response speed of correct responses for the whole
administration of the CPT, was found to demonstrate specificity with ADHD
symptoms of hyperactivity. Both total omission errors and increased omission errors
over time were found to predict inattentive symptoms of ADHD. Similar to errors of
omission, errors of commission were found to relate to predicted ADHD symptoms,
such as impulsivity (Epstein et al., 2003).
Similarly, to Epstein and colleagues (2003), Fasmer and colleagues (2016)
investigated performance on the CPT-II and symptoms of attentional problems, mood
problems, and anxiety problems. Fasmer and colleagues (2016) examined 99 patients
between the ages of 18 and 65 years old from a private psychiatric practice. Participants
consisted of 48 women and 51 men. A clinical interview was conducted with all
participants. Additionally, to gather information regarding concerning symptoms from
childhood, clinical interviews were supplemented with information provided from
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collateral sources, such as relatives, when possible. All participants completed two selfreport measures examining ADHD symptoms, two depression scales, one mood disorder
scale, one neuropsychiatric interview, and the CPT-II. Fasmer and colleagues (2016)
examined the following measures of the CPT-II in relation to ADHD: RT for correct
responses, the number of omission and commission errors, variability of standard error,
which is the amount of variability the participant shows in the separate segments of the
test in relation to overall standard errors, and a clinical ADHD Confidence Index score,
which ranges from 0 to 100. The authors suggested that ADHD patients exhibit increased
intra-individual variability in reaction times on neuropsychological tests which can be
attributed to very long response times (Fasmer et al., 2016). Results of their study
indicated that the adult patients with ADHD showed increased variability in reaction
times and reduced complexity of time series (or degree of regularity) when compared to
clinical control groups. Furthermore, results demonstrated specific attentional symptoms
in patients with ADHD and how those symptoms differ from other psychological
disorders, such as mood disorders and anxiety disorders. Omission and commission
errors discriminated well between patients with ADHD and those with other psychiatric
disorders (Fasmer et al., 2016). In other words, adults with ADHD had a significantly
higher number of omission and commission errors on the CPT-II when compared to the
clinical control group (Fasmer et al., 2016).
The use of objective measures, such as the CPT, help to assess cognition and
brain-function, which may provide more information regarding underlying processes of
ADHD (Williams et al., 2010). Furthermore, using a measure that demonstrates high
specificity and sensitivity in identifying ADHD can perhaps lead to results that can better
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discriminate between individuals with and without the disorder. Williams and colleagues
(2010) wanted to further explore potential underlying processes of ADHD by evaluating
four “cognitive markers” (p. 122) associated with the disorder. Results of their study
indicated that sustained attention of the CPT was the most sensitive to participants with
ADHD. In other words, the CPT was able to identify individuals with ADHD as 68% of
participants assessed were correctly classified as having the disorder in comparison to
those without ADHD. Additionally, specificity increased with the inclusion of
impulsivity, intrusions, and Response Variability. Overall, examination of these four
cognitive markers (i.e., sustained attention, impulsivity, intrusions, and Response
Variability) indicated that the CPT was able to correctly identify participants with ADHD
compared to those without ADHD (Williams et al., 2010). Furthermore, when the CPT 3
was administered to adults in conjunction with the Conners Adult ADHD Rating Scale
(CAARS), results indicated a 92.7% correct classification rate with 73.1% sensitivity and
97.3% specificity (Multi-Health Systems Inc., 2014). Therefore, the CPT demonstrates
high specificity and sensitivity in identifying individuals with ADHD compared to those
without the disorder.
The 2 & 7 Test and ADHD
The 2 & 7 Test can also be used in investigating symptoms of ADHD in adults;
however, research in this area is somewhat scarce. The 2 & 7 Test is a paper and pencil
cancellation test and it was originally created to clinically assess attentional capacity
(Ruff et al., 1992). The 2 & 7 Test consists of 20 trials and 15 seconds per trial,
allowing five minutes overall for task completion (Ruff, 2017).
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Examinees are required to cross out the digits 2 and 7 within a given time frame
across two conditions (Ruff et al., 1992). One condition asks the examinee to cross out
2’s and 7’s among letters and the second condition requires the examinee to cross out 2’s
and 7’s among numbers (Ruff et al., 1992). Among the two conditions, there are two
types of searches involved throughout each trial (Ruff, 2017). The controlled search is
required when the targets 2 and 7 are in rows among other distracter numbers
requiring controlled information processing skills, whereas the automatic search
technique is applied when the targets 2 and 7 are in rows among letters, requiring
automatic information processing skills (Ruff et al., 1992; Ruff, 2017). The controlled
search condition was thought to require a serial approach to identifying the targets,
whereas the automatic search condition was thought to require a parallel search
approach (Ruff et al., 1992). If both targets and distractors are of the same stimulus
category, such as numbers, then reaction times are slower than when both targets (i.e.,
numbers) and distractors (i.e., letters) are of different categories (Ruff et al., 1986).
As the 2 & 7 Test evaluates sustained attention, individuals with ADHD may
have difficulty with this task. For each trial omissions and commissions are
calculated. For example, the examiner will calculate how many correctly marked
targets the examinee identified and how many incorrect targets were marked
(commissions), and correct targets missed (omissions; Ruff & Allen, 1996).
Examinees need to implement both speed and sustained attention when completing
this task. Individuals with ADHD were found to have pronounced deficits in focused
attention and sustained attention (Schoechlin & Engel, 2005). As the 2 & 7 Test
requires sustained and focused attention, the current study will predict that adults with
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ADHD will have a higher number of omissions, which means adults with ADHD will
often miss correct targets, suggesting impaired attention.
D-KEFS Tower Test and ADHD
ADHD can often impact an individual’s ability to develop and implement a
plan to complete a task that is not routinely performed (Mahone & Hoffman, 2007).
Durston (2003) found that poor planning and organizational skills were areas of
impairment in children diagnosed with ADHD. The D-KEFS Tower Test is often used to
measure problem-solving and planning ability (Culbertson & Zillmer, 2005; Shallice,
1982). Wodka and colleagues (2008) examined the primary summary measures of the DKEFS Tower Test and found significant differences between children with ADHD and a
healthy control group. The D-KEFS Tower test provides the examinee with a set of round
disks that fit onto pegs or rods attached to a base (Yochim et al., 2009). The examinee is
asked to look at a picture of a completed design and then to rearrange their set of disks to
replicate the finished design. In addition to completing the task in the least number of
moves, the examinee must adhere to other design rules or guidelines (Yochim et al.,
2009).
The D-KEFS Tower Test requires different skill sets needed to complete each
design. For example, the test requires the examinee to apply spatial planning skills and to
reach an end goal through the accomplishment of smaller sub-goals (Morris et al., 1997;
Goel & Grafman, 1995). Different versions of the D-KEFS Tower Test exist; however,
the most recent version includes standardized administration and scoring procedures that
facilitate the analysis of examinee errors (Wodka et al., 2008). Furthermore, the scoring
system for the D-KEFS Tower Test enables the examiner to calculate different variables
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required for each task. For example, scores for number of rule violations, tower
completion time, time to the first move, total number of moves for each tower, design
accuracy (correct/incorrect tower), and design speed (speed for the first move and for the
complete tower) are calculated. The calculation of the different variables allows for the
examination of the specific areas of difficulty for a given patient. Similarly, across
previous versions of the D-KEFS Tower test, the level of difficulty increases with each
new design as does the number of moves needed to correctly complete each design
(Wodka et al., 2008). As the designs become more challenging, greater attention,
concentration, planning and organization ability, all areas potentially affected by ADHD,
is required of the examinee.
ROCF and ADHD
Symptoms of ADHD in adults, such as distractibility, disorganization, and
impulsivity can often impair the quality of an individual’s life (Barkley, 2016;
Schreiber et al., 1999). Although more research has been conducted with children
diagnosed with ADHD, there has been some research examining areas of deficit in
adults with ADHD. Although limited, research conducted with adults with ADHD has
indicated impairments in the areas of visuospatial skills, memory, attention and
vigilance, executive functioning, unreliability, time management skills, turn taking in
conversation and fidgeting (Das et al., 2014; Schreiber et al., 1999; Wilens et al.,
2004).
Schreiber and colleagues (1999) suggested that neuropsychological testing
may be a helpful tool in diagnosing ADHD in adults. Assessments such as the ROCF
has also been shown to be useful in examining the performance of adults with ADHD.
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Furthermore, the Boston Qualitative Scoring System (BQSS), has been utilized to
assess and examine different aspects of the ROCF. For example, dimensions of a
ROCF drawing, such as fragmentation, planning, perseveration, confabulation, size
distortions, neatness, rotation, and asymmetry of the figure can be assessed using the
BQSS (Schreiber et al., 1999). According to Cahn, Marcotte, Stern, Arruda,
Akshoomoff, and Leshki (1996), BQSS scores from the ROCF reproductions from
children with ADHD were able to differentiate between children with and wit hout
ADHD. Additionally, attention to detail, expansion, accuracy, and neatness were all
areas in which children with ADHD had difficulty (Cahn, 1996). More research is
needed to examine ROCF productions of adults with ADHD in comparison to healthy
controls (Schreiber et al., 1999). Furthermore, according to Schreiber and colleagues
(1999), qualitatively evaluating ROCF productions from adults with ADHD may help
to provide a more comprehensive understanding of the potential deficits within the
adult population.
Examining the performance of adults with ADHD on the CPT, the 2 & 7 Test,
the D-KEFS Tower Test and the ROCF, provides important information regarding the
prediction of ADHD symptoms. Furthermore, when comparing the performance of
adults with ADHD across these assessments, a determination of ADHD symptoms can
be made. By identifying and predicting different symptoms of ADHD on the CPT, the
2 & 7 Test, the D-KEFS Tower Test and the ROCF and determining the accuracy of
the prediction of symptoms, a more efficient neuropsychological battery can be
administered.
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Although there is some current literature to support the identification of
ADHD symptoms in adults on both the 2 & 7 Test and the CPT as previously
reviewed, more extensive research is needed. The current study is important as it will
build on this area of research. Furthermore, there is not a significant amount of
research to investigate the most up-to-date version of the CPT, the CPT 3 in regard to
ADHD. The current study will examine the ability of the CPT 3 to identify ADHD
symptoms in adults. Additionally, the current study will determine the ADHD
symptoms in adults predicted by the CPT 3, the 2 & 7 Test, the D-KEFS Tower Test
and the ROCF. The same symptoms may be predicted by different assessments,
therefore leading to a more concise battery by the elimination of multiple tests
measuring the same aspects of attention. As neuropsychological batteries are quite
lengthy, the elimination of similar assessments may create a more concise, yet
comprehensive battery.
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CHAPTER 3: METHOD
The purpose of the current study is to contribute to the growing body of literature
supporting the accurate prediction of ADHD symptoms in adults using the CPT 3, the 2
& 7 Test, the ROCF, and D-KEFS Tower Test. Furthermore, the current study may help
create a more concise neuropsychological battery for adult ADHD patients.
This quasi-experimental study uses regression models to determine which
variables from each assessment are the best predictors of ADHD symptoms in adults
diagnosed with ADHD.
Participants
Sixty-eight adult participants with an established diagnosis of ADHD were
selected from archival data from a private neuropsychological practice in the northeast
Pennsylvania area. Participants were females and males between the ages of 20 to 65. A
majority of participants were Caucasian or African American and education level for
participants in the study ranged from 12 to 22 years. Furthermore, 33 of the 68
participants completed the ABRF and analyses were performed with the 33 participants.
Inclusion Criteria
Eligible participants were between the ages of 20 to 65. Participants needed to
have an established diagnosis of ADHD. Eligible participants could also currently be
taking ADHD medication. Participants could also have comorbid symptoms of anxiety
and depression.
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Exclusion Criteria
Possible participants were excluded from the study if they had a history of serious
head trauma, such as a traumatic brain injury (TBI), schizophrenia related disorders, or
other psychotic disorders.
Screening and Recruitment
Participants for the study were from archival data from a private
neuropsychological practice. A records review was conducted by a research assistant to
determine eligibility for participation within the study.
Materials
Attention and Behavior Rating Form (ABRF)
The current study utilized the ADHD criteria from the DSM-V to outline which
variables each assessment measured. Participants in the study responded to the
questionnaire created by the private practice which consists of DSM-V ADHD criteria
and also assesses the presence on a Likert-type scale from 0 to 4 (0 = never; 1 = rarely; 2
= sometimes; 3 = often; 4 = always). However, for the purposes of this study, the form
was used as a symptom checklist in which 0 means the symptom is not present and
anything above a 0 (i.e., 1 = rarely; 2 = sometimes; 3 = often; 4 = always) means the
symptom is present and will be coded as a 1, indicating the presence of the symptom, for
a total of 18 possible points (18 questions; 0-18 points). The questionnaire is referred to
as the ABRF for the purposes of this study. This self-report measure asked questions
regarding organization and planning ability, inattention/distractibility, and hyperactivity.
Furthermore, the questionnaire inquired about hyperactivity and impulsivity, and
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inattention. Results were broken down into total number of symptoms endorsed.
Therefore, it yields a total score of symptoms endorsed.
As the ABRF was recently created, the psychometrics of this measure are
currently limited. The current study helps to contribute to the emerging psychometrics of
this measure. Developing psychometric information on the ABRF may help to improve
and perhaps broaden the measure’s use in future studies.
Personality Assessment Inventory, (PAI)
The PAI (Morey, 1991) is a self-report measure consisting of 344 items assessing
various domains of personality and psychopathology and takes approximately 50-60
minutes to administer (Morey & Lowmaster, 2010). The self-report inventory is designed
to be administered to individuals 18 years into adulthood and is used within professional
or research settings (Morey & Lowmaster, 2010). The PAI consists of a four-point
Likert-type scale used to measure the extent of a client’s experience of each item (Morey
& Lowmaster, 2010). Items comprise 22 nonoverlapping full scales consisting of 4
validity scales, 11 clinical scales, 5 treatment consideration scales, and 2 interpersonal
scales (Morey & Lowmaster, 2010).
The PAI demonstrates strong content validity in that the assessment provides an
appropriate sampling of content across constructs of interest, such as depression and
anxiety (Morey & Lowmaster, 2010). Content validity on the PAI guarantees extensive
coverage of constructs in that items were selected based on their ability to adequately
represent the most critical elements of the constructs being measured (Morey &
Lowmaster, 2010). Higher-order full scales or the primary scales, are comprised of
lower-order subscales, which reflect the diversity of the content describing the higher-
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order scales (Morey & Lowmaster, 2010). Empirical and theoretical literature were used
to determine the structure of the subscales (Morey & Lowmaster, 2010). For example, to
adequately measure the construct of depression and the content that comprises
depression, the PAI included items to assess various symptom domains of depression,
such as physiological, cognitive, and affective symptoms (Morey & Lowmaster, 2010).
In addition to the breadth of content coverage of constructs on the PAI, depth of
content coverage was assured by selecting scales comprised of items representative of a
wide range of severity levels for each construct (Morey & Lowmaster, 2010). For
example, severity of each component of a construct is measured by the use of categorized
response item scoring, which allows for the measure of truer item variance and enables
scale reliability (Morey & Lowmaster, 2010). In other words, the response options
provide differentiation between levels of severity for each item for a scale. For example,
the severity of cognitive aspects on the anxiety scale can range from mild rumination to
severe despair and panic (Morey & Lowmaster, 2010).
The PAI also demonstrated strong discriminant validity in that construct scales
are specific to a particular construct and not influenced by other constructs (Morey &
Lowmaster, 2010). For example, the PAI measures psychological constructs and does not
simultaneously measure demographic variables, such as age or gender to control for
biases (Morey & Lowmaster, 2010). Discriminant validity is often threatened by biases;
however, the PAI items were initially reviewed by a diverse professional and lay person
panel (Morey & Lowmaster, 2010). Individuals on the panel were to identify items that
may unintentionally measure other factors, such as sociocultural background, rather than
the proposed factors, such as emotional or behavioral problems (Morey & Lowmaster,
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2010). If an item was identified as biased it was removed from the inventory (Morey &
Lowmaster, 2010).
To control for overlap in constructs, items on the PAI were chosen based on their
level of association with indicators of the intended construct (Morey & Lowmaster,
2010). In other words, items with a high or maximal association with indicators of a
given construct and low or minimal association with indicators of other constructs, were
chosen (Morey & Lowmaster, 2010). Therefore, although there may be intercorrelations
between scales, they are not due to test construction errors owing to item overlap or
broad-based items, rather they are due to normal comorbidity of scales (Morey &
Lowmaster, 2010). Consequently, staightforward interpretation of PAI results is possible
owing to “the relative specificity of the scales as measures of the constructs of interest”
(Morey & Lowmaster, 2010, p. 1).
Finally, with regard to reliability, the PAI has demonstrated strong test-retest
reliability and internal consistency with reviews in over 500 studies examining reliability
and validity of the inventory (Morey & Lowmaster, 2010). When examined across a wide
range of populations and settings, the PAI was found to have coefficients for full scales
and subscales in the 0.80s and 0.70s (Morey & Lowmaster, 2010). Additionally,
reliability has been found to exist within the scales themselves owing to the PAI’s ability
to capture accurate variance within each item (Morey & Lowmaster, 2010).
The PAI yields raw scores which are then converted into T-scores with a mean of
50 and a standard deviation of 10 (Morey & Lowmaster, 2010). The PAI was normed on
a sample of 1,000 community-dwelling adults, which emulated the 1995 U.S. census
projections regarding gender, race, and age (Morey & Lowmaster, 2010). T-scores from a
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community sample provide a pragmatic way to determine if specific problems are
clinically significant as comparatively few healthy adults will achieve considerably
elevated scale scores (Morey & Lowmaster, 2010).
The PAI was included in the current study as a measure of depression and
anxiety. As depression and anxiety were covariates in the current study, the PAI was used
as a measure of control for both disorders. Only the primary or high-order scales were
used for the purposes of this study and subscales were not interpreted. The primary scales
of depression and anxiety were used to provide an overall measure of these disorders as
perhaps comorbidities with ADHD in the current study.
Conners Continuous Performance Test, 3rd Edition (Conners CPT 3)
The Conners CPT 3 (Conners, 2014) was created to assess attention-related
difficulties in populations ranging from children 8 years of age to adults of 89 years of
age (Conners, 2014). The Conners CPT 3 is a helpful tool in diagnosing attention
disorders, such as ADHD as it assesses four types of attention including inattentiveness,
impulsivity, sustained attention and vigilance (Conners, 2014). The assessment is
administered via computer and is similar to previous versions of the Conners CPT
(Conners, 2014). The examinee is seated in front of a computer screen and required to hit
the space bar on the keyboard when any letter is shown on the screen with the exception
of the letter X (Conners, 2014). When the letter X is shown, the examinee is to do nothing
and wait for the next letter to be shown (Conners, 2014).
The assessment begins with a 1-minute practice trial prior to the 14-minute
administration consisting of 360 trials (Conners, 2014). The practice trial allows the
examinee to become acclimated to the task and allows the examiner to ensure the
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examinee understands instructions (Conners, 2014). There are three inter-stimulus
intervals (ISI), which are the time periods between the presentations of the letter (i.e., 1,
2, and 4 seconds) with each letter being shown for 250 milliseconds (Conners, 2014).
Additionally, there are six sets of trials known as blocks (Conners, 2014). Within each
block there are three sub-blocks, each consisting of 20 trials (Conners, 2014).
Additionally, within each of the six blocks, each sub-block has a different ISI and the
order of the ISIs varies between the blocks (Conners, 2014).
With regards to scoring the Conners CPT 3, there are two software reports that
can be generated, the Assessment Report, and the Progress Report (Conners, 2014). The
Assessment Report outlines results from a single administration, whereas the Progress
Report combines and compares results between two to four administrations (conducted
on the same respondent), providing information about the change over time (Conners,
2014). Response patterns outlined in the results of the assessment provide the examiner
with a more comprehensive overview and understanding of the examinee’s areas of
deficit (Conners, 2014). Raw scores are provided to assess if certain attention problems
exist (Conners, 2014). For example, higher raw scores typically indicated poor
performance on the task (Conners, 2014). Raw scores are often converted to standardized
scores (Conners, 2014).
Additionally, standardized T-scores, which have a mean of 50 and a standard
deviation of 10 are often reported (Conners, 2014). All T-scores, regardless of the
variable, are “capped” at 90, which is the upper limit and 0, which is the bottom limit
(Conners, 2014). With the exception of Hit Reaction Time (HRT) and response style (C),
higher T-scores typically indicate poor performance (Conners, 2014). With regard to
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HRT, both atypically high and low T-scores may indicate problem areas (Conners, 2014).
Furthermore, high or low T-scores on C, provide information regarding the examinee’s
response style rather than providing information regarding performance (Conners, 2014).
Percentile ranks, which compare the examinee to the performance of individuals
within the norm group who scored the same as or lower than the examinee are also
reported (Conners, 2014). For example, a percentile rank of 50 means that about half of
the norm group scored the same as or lower than the examinee. Typically, a higher
percentile rank indicates a poorer performance when compared to the normative sample
(Conners, 2014).
Among 13 different variables on the Conners CPT 3, one variable will be
examined for the purposes of this study. Number of omissions, which are the number of
missed targets are usually examined; however, this study will examine commissions,
which are the number of incorrect responses to nontargets (i.e., hitting the space bar for
an X). A high number of omission errors is typically an indicator of inattentiveness and
suggests the examinee was not responding to the target stimuli, perhaps owing to
focusing difficulties (Conners, 2014). A high number of commission errors is an
indication of impulsivity or inattentiveness depending on the HRT of the examinee
(Conners, 2014). For example, high commission errors combined with fast reaction
times, suggest impulsivity in that the examinee had difficulty controlling impulses to
respond (Conners, 2014).
Reliability for the Conners CPT 3 was assessed by examining internal
consistency, test-retest correlations (r), and stability (Conners, 2014). Scores from the
Conners CPT 3 indicated a very high level of internal consistency were deemed stable
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across repeated administrations (Conners, 2014). Additionally, the strong internal
consistency of the Conners CPT 3 was supported by high split-half reliability estimates as
the median split-half reliability estimate ranged from r = 0.92 to 0.95 across both age and
gender groups (Conners, 2014). Furthermore, test-retest reliability of the Conners CPT 3
was assessed across two assessments during a 1- to 5-week period, resulting in a median
test-retest reliability estimate of r = 0.67 (Conners, 2014). These results indicated that the
Conners CPT 3 has strong reliability and stability over repeated administrations and
scores have a very low sensitivity to practice effects (Conners, 2014).
Validity of the Conners CPT 3 was evaluated by discriminative validity,
incremental validity, and generalizability (Conners, 2014). Additionally, intelligence and
executive function measures were also used to examine validity (Conners, 2014).
Discriminative validity indicated that the Conners CPT 3 was able to distinguish between
ADHD samples and a clinical non-ADHD sample when compared to the general
population (Conners, 2014). Incremental validity analysis suggested that the Conners
CPT 3 helped to improve the ability of attention rating scales to predict membership in an
ADHD group when compared to the general population (Conners, 2014).
With regards to generalizability, results from analyses of covariance suggested
that the Conners CPT 3 scores tended to be similar across different settings, such as
keyboard versus mouse administrations or desktop administration compared to laptop
administrations (Conners, 2014). Furthermore, scores were found to be generalizable
across race and ethnic groups and nationality (Conners, 2014). A correlation analysis did
not indicate any sufficient associations with general intelligence, which suggests that the
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Conners CPT 3 can be administered and accurately interpreted with individuals of
varying intelligence levels (Conners, 2014).
Delis-Kaplan Executive Functioning System Tower Test (D-KEFS Tower Test)
The D-KEFS Tower Test (Delis et al., 2001) measures several executive
functions, such as spatial planning, rule learning, inhibition of impulsive and
perseverative responding, and the ability to establish and maintain the instructional set
(Delis et al., 2001, p. 187).
The D-KEFS Tower Test consists of a total of five disks (Delis et al., 2001). The
test requires the examinee to move disks of different sizes across a board consisting of
three pegs in the fewest number of moves possible (Delis et al., 2001). The examinee
must follow two rules when constructing each tower, which include moving only one peg
at a time (with only one hand) and never placing a large disk on top of a small disk (Delis
et al., 2001). The examiner begins each trial by placing the necessary pegs for that trial in
a predetermined position and providing the examinee with a picture of the competed
design (Delis et al., 2001). The examiner then begins to time the examinee and records
the number of moves to completion, the item-completion time, and the final achievement
score (Delis et al., 2001). Additionally, although an optional measure, the examiner also
records the examinee’s time to first move, which assesses how long the examinee waited
prior to making a move (Delis et al., 2001). Number of rule violations is also an optional
measure (Delis et al., 2001).
With regards to scoring, an Achievement Score, which is the number of points
awarded regarding the number of moves for an item, is calculated (Delis et al., 2001). A
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Total Achievement score for the assessment is the sum of all achievement scores for all
administered items (Delis et al., 2001).
Despite many variables, only two were examined for the purposes of this study.
Total First Move Time and Total Achievement were calculated. Total first move time
reflects the total of the examinee’s first-move times (Delis et al., 2001). For example, the
examinee’s time in seconds prior to his first move of a disk is recorded for each tower. At
the completion of the assessment, all first move times are summed to achieve a Total
First Move Time. The Total Achievement score provides an overall assessment of the
examinee’s performance on the task (Delis et al., 2001). At the completion of each tower,
the examinee’s score for that tower is calculated. The score is based on how many moves
the examinee used to complete the tower. The examinee is required to use the fewest
number of moves possible. The examinee is awarded a higher number of points for the
fewest possible number of moves to complete the tower. Total Achievement is a global
measure of performance (Delis et al., 2001). These two scores help to reflect the
examinee’s planning ability and organization skills.
Reliability of three of the D-KEFS tests was assessed for both Standard and
Alternate Forms (Delis et al., 2001). Test-retest reliability for Standard Forms of the DKEFS instruments was assessed by evaluating a sample of 101 cases, in which
participants ranged in age from 8 to 89 years old (Delis et al., 2001). Participants were
broken down into the following three age groups: 8-19 years old, 20-49 years old, and
50-89 years old (Delis et al., 2001). Participants were about half male and half female,
ranging in education from 8 years to more than 16 years (Delis et al., 2001). Race and
ethnicity of the participants were African American, Hispanic, white, and a small
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percentage of other (Delis et al., 2001). The D-KEFS Tower Test has strong internal
consistency and moderate test-retest reliability.
Over the past 50 years, numerous neuropsychological studies have demonstrated
the validity of the nine tests comprising the D-KEFS (Delis et al., 2001). Furthermore,
evidence supporting the validity of the D-KEFS has shown the sensitivity of the tests in
detecting brain damage, such as frontal lobe dysfunction (Delis et al., 2001).
Additionally, the D-KEFS is also able to measure higher-level executive functions (Delis
et al., 2001). The intercorrelations of two variables will be particularly important for a
hypothesis in the current study. For example, the examination of first move time and total
achievement score did not correlate, suggesting that a first move time that is too fast or
too slow may be indicative of a neurocognitive problem (Delis et al., 2001). For the
purposes of the current study, first move time and total achievement were examined with
regard to symptoms associated with ADHD, such as impulsivity, planning, and
organizational skills.
ROCF
Brain injured patients were the original population for which the ROCF test was
designed (Osterrieth, 1944; Rey, 1941; Shin et al., 2006). The ROCF test was designed to
evaluate and measure visuospatial constructional ability and visual memory (Shin et al.,
2006). Meyers and Meyers (1995) took the ROCF and adapted it by adding a recognition
trial. The Meyers and Meyers version is referred to as the Rey Complex Figure Test and
Recognition Trial (RCFT). The ROCF and the RCFT are essentially identical other than
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the addition of the recognition trial. The ROCF was the version used for the purposes of
the current study.
The ROCF test is a complex cognitive task, also measuring nonverbal memory
skills (Shin et al., 2006). The examinee must copy a complex geometric figure and then
reproduce the design from memory within two trials, immediate and delayed (Shin et al.,
2006). The immediate trial occurs three minutes after the initial copy trial and the delayed
trial occurs thirty minutes after the initial copy trial. The examinee is required to use
frontal lobe functions, such as organization and planning skills to reproduce the figure in
a cohesive, meaningful perceptual unit (Shin et al., 2006).
The ROCF test produces three scores: a copy score, an immediate recall score,
and a delayed recall score (Shin et al., 2006). Research has shown scores may be higher if
the immediate trial is given prior to the delayed recall trial when compared to scores
obtained from a delayed recall trial only (Lezak, 1995; Loring et al., 1990). The ROCF
test assesses an individual’s level of attention and concentration, fine-motor coordination,
visuospatial perception, nonverbal memory and organizational skills (Helmes, 2000). The
assessment of these cognitive skills and abilities helps to provide information regarding
an individual’s neuropsychological functioning and potential brain dysfunction (Helmes,
2000). The copy trial of the ROCF test requires a high level of attention and
concentration (Shin et al., 2006). Additionally, the copy trial requires the examinee to
identify the figure element through the use of visuospatial perception skills in addition to
the processing of visual information (Shin et al., 2006). The examinee is also required to
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use visual-motor skills and executive functioning skills, such as planning and
organizational abilities (Shin et al., 2006).
Scoring for the ROCF test is based on 18 items each worth 2 points for a total of
36 points (Osterrieth, 1944; Shin et al., 2006). There are qualitative components that
provide information regarding an individual’s organizational and executive functioning
skills needed to understand the structure of the design (Shin et al., 2006). Additionally,
organizational and executive abilities are required to arrange information into a
meaningful group (Shin et al., 2006). Clustering information helps with consolidation, a
learning process, and influences memory (Shin et al., 2006). Standardized scores are
derived from the Rey Complex Figure Test and Recognition Trial: Professional Manual
(Meyers and Meyers, 1995).
The copy trial was the only condition evaluated for this study. The 36-point
Osterrieth scoring system was used to evaluate each examinee’s copy score. Individuals
were also evaluated for their time to copy, which is the amount of time it takes them to
copy the design during the copy trial.
Among different forms of reliability, the two most important types are interrater
and intrarater reliability (Knight & Kaplan, 2003). Intrarater reliability, or the consistency
of an individual scorer’s ratings across multiple ROCF assessments, was found to be high
within the ROCF (Knight & Kaplan, 2003). Additionally, interrater reliability, or the
consistency of scores among different raters of the same ROCF protocol, was also found
to be high (Knight & Kaplan, 2003). As the primary scores for most variables of the
ROCF are interpreted by judges, consistency between ratings is crucial (Knight &
Kaplan, 2003). For example, reliability can significantly be affected by the subjectivity of
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ratings (Knight & Kaplan, 2003). To maintain strong interrater and intrarater reliability,
ratings for the ROCF should be derived from a specific set up scoring criteria (Knight &
Kaplan, 2003).
Internal consistency for the ROCF is measured by evaluating individual items to
yield a raw score which is then converted to a scaled score (Knight & Kaplan, 2003). The
set of items evaluated were developed to measure a similar construct (Knight & Kaplan,
2003). For example, the ROCF is composed of 18, two-point criteria. The items are
considered separately when scored; however, when the components are assembled, they
form a cohesive complex visual stimulus (Knight & Kaplan, 2003). Additionally,
although the elements of the design can be scored separately, Osterrieth (1944) suggested
that clusters of elements within the visual stimulus are often consistently perceived in
groups by normal populations (Knight & Kaplan, 2003). Studies conducted by Rapport,
Charterm Dura, Farchione, and Kingsley (1997), Folbrecht, Charter, Walden, and Dobbs
(1999), and Galindo and Cortés (2003), all found high internal consistency. Additionally,
Berry, Allen, and Schmitt (1991) found high internal consistency in a sample of normal
elderly adult participants. Quantitatively scored ROCF protocols showed interrater
reliability in the mid-0.90s and higher (Knight & Kaplan, 2003). Overall, studies
examining ROCF performance of both normal and clinical populations, indicated very
good to excellent levels of interrater reliability when quantitative scoring methods and
total scores were used (Knight & Kaplan, 2003).
The ROCF has adequate content validity. Content validity was established for
the ROCF during the test development phase, at which time a representative set of test
items were chosen and comprehensive test construction methods were utilized (Knight &
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Kaplan, 2003). For example, test items were evaluated for content relevance and content
sampling (Knight & Kaplan, 2003). Content validity, unlike other forms of validity, is
measured by assessing the test itself as the criterion for evaluating performance (Knight
& Kaplan, 2003). The ROCF is comprised of scorable, complex figure components
(Knight & Kaplan, 2003). Additionally, the primary considerations for content validity of
the ROCF, are addressed by examining the individual elements that compose the visual
stimulus and the items constituting the summary scores (Knight & Kaplan, 2003).
Construct validity differs from both content and criterion-related validities in that
rather than looking at the test as a whole unit, the variables are evaluated (Knight &
Kaplan, 2003). For example, as variables within a test become more abstract, more
difficult to directly measure, more difficult to define by clear and measurable core
content, and more difficult to establish a correlation with external criterion, the more
important construct validity becomes (Knight & Kaplan, 2003). A test’s ability to
measure a hypothetical construct or trait is captured by construct validity (Knight &
Kaplan, 2003). To better understand construct validity, both convergent and discriminant
validity are important to consider. The ability of ROCF scores to positively correlate with
scores from other assessments measuring visuoperception, visuoconstruction, spatial
organization and planning, is represented by convergent validity (Knight & Kaplan,
2003). In contrast to convergent validity, discriminant validity refers to the differences in
the ROCF construction process and how that process should differ from other measures
(Knight & Kaplan, 2003). In other words, the ROCF should not be significantly related to
other measures that are irrelevant to the target constructs of the ROCF (Knight & Kaplan,
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2003). For example, the ROCF should not be correlated with other measures that assess
different neurocognitive skills, such as verbally based tests (Knight & Kaplan, 2003).
In summary, the ROCF Copy trial scores have strong convergent validity with
other neuropsychological measures of visoconstruction, visoperception and executive
functioning (Knight & Kaplan, 2003). For example, correlations between the ROCF and
other neuropsychological measures assessing similar constructs ranged from 0.34 to 0.80
(Knight and Kaplan, 2003). Conversely, ROCF scores were able to distinguish between
clinical groups from control groups (Knight and Kaplan, 2003).
The 2 & 7 Test
The 2 & 7 Test (Ruff and Allen, 1996) measures attentional capacity, such as
sustained attention and focused attention (Ruff et al., 1992). The 2 & 7 Test is a task that
requires the examinee to visually search for the numbers 2 and 7 among other numbers
and among letters (Ruff and Allen, 1996). The test in total takes five minutes to complete
(Ruff and Allen, 1996). The test requires visual search and cancellation skills and
consists of 20, 15-second trials (Ruff and Allen, 1996). On each trial, the examinee is
required to move through a box that contains the target numbers 2 and 7; however, the
targets are mixed in with either distractor numbers or letters (Ruff and Allen, 1996). The
test is broken down into 10 Automatic Detection trials in which the targets are embedded
among letters and 10 Controlled Search trials, in which the targets are embedded among
numbers (Ruff and Allen, 1996). For each trial, correct hits (correctly identifying the
target digits) and errors (omissions and commissions) are calculated (Ruff and Allen,
1996). Two scores are calculated. A speed score is the number of correctly marked
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targets (hits), and the accuracy score is the number of targets correctly identified divided
by the number of hits plus the number of errors (Ruff and Allen, 1996).
Two variables are calculated throughout the 5-minute assessment period and
include sustained attention and selective attention (Ruff and Allen, 1996). Sustained
attention is measured by a Total Speed score, which is the total number of hits identified
during the 5-minute time period, and the Total Accuracy score is the number of targets
identified divided by the number of total possible targets within the 5-minute time period
(Ruff and Allen, 1996).
Selective attention is measured by two different distractor conditions in which
two approaches are implemented by the examiner (Ruff and Allen, 1996). The Automatic
Detection approach is implemented when the targets are embedded among letters and the
Controlled Search approach is required when the examinee is to identify the targets
among numbers (Ruff and Allen, 1996). When the targets are embedded among letters,
the approach is said to be automatic because the targets distinctly differ from the
distractor items (letters), so the examinee engages in a single-step retrieval process of
categorical information (Ruff and Allen, 1996). For example, the examinee is simply
looking for a number. (Ruff and Allen, 1996). However, in the controlled search trials, as
the targets are embedded among other numbers, the examinee is required to use effortful
working memory skills, to distinguish between targets and distractors (Ruff and Allen,
1996). Furthermore, the examinee is unable to implement the same simple categorical
process between the targets and distractors as they did during the automatic search trials
(Ruff and Allen, 1996).
The 2 & 7 Test has adequate to high test-retest reliability (Lemay et al., 2004;
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Ruff & Allen, 1996). Test-retest reliability was established by taking 99 participants from
the initial sample of 259 participants (Ruff & Allen, 1995). The 99 participants were readministered the 2 & 7 Test after six months and reliability coefficients were found to
range from 0.84 to 0.97 across four age ranges (Ruff & Allen, 1995). Additionally,
Lemay and colleagues (2004) and Ruff and Allen (1996), indicated that test-retest
reliability was adequate to high; however, test-retest coefficients were higher for Speed
scores when compared to Accuracy scores. Adequacy was also found for both split-half
reliability coefficients and in measures of internal consistency (Ruff & Allen, 1995).
Similarly, to test-retest coefficients, higher coefficients were found for speed scores
compared to accuracy scores (Ruff & Allen, 1995).
To establish construct validity, the 2 & 7 Test was compared to the San Diego
Neuropsychological Test Battery (SDNTB) (Baser & Ruff, 1987; Ruff & Crouch, 1991).
Speed T-scores for the 2 & 7 Test, when demographically corrected, were significantly
correlated solely with tests of visual learning and visual short-term memory (Ruff &
Allen, 1995). Additionally, Speed scores from the 2 & 7 Test most highly correlated with
the Digit Symbol subtest from the Wechsler Adult Intelligence Scale-Revised (WAIS-R),
as both the 2 & 7 Test and the Digit Symbol subtest require visuomotor skills and
sustained effort (Ruff & Allen, 1995). Additionally, the 2 & 7 Test Speed scores
correlated with the Block Span scores as both tests assess immediate retention abilities
(Ruff & Allen, 1995).
Procedure
Each participant filled out a neurobehavioral intake form, which requires the
participant to provide demographic information and other information outlining their
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current symptoms, any medications they are taking, medical background (both family and
self), referring individual or place, and other information relevant to the assessment
process. This information was considered when determining each patient’s eligibility for
participation in the study. For example, if a participant noted they had previously suffered
a traumatic brain injury, this individual was excluded from the study.
As data is archival, participants went through a full battery of neuropsychological
testing. Prior to the assessment session, each participant met with a licensed psychologist
and/or clinical neuropsychologist on staff and completed an intake interview. After the
interview, the participant met with a psychometrician and completed testing. The
psychometrician who completed the full battery scored the participant’s chart and
provided the scores to a research assistant who then entered the scores into a
computerized database. Results of the testing were then analyzed using the Statistical
Package for Social Science (SPSS) software program. Additionally, performance on each
variable was compared to criteria of ADHD symptoms from the ABRF.
Baseline Characteristics and Outcomes
Correlations, t-tests, and chi-square tests were used to evaluate the relationship
between demographic variables (i.e., age, sex, race, education, anxiety, depression) and
ADHD symptoms. Any significant relationships were accounted for in selected analyses.
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CHAPTER 4: RESULTS
Demographic Analysis
This study attempted to predict ADHD symptoms in adults from performance on
selected neuropsychological measures. Characteristics collected were age, race,
education, and gender. Participants were selected based upon inclusion criteria, such as
age (20-65 years), established diagnosis of ADHD, no previous head trauma or history of
TBI, and no history of schizophrenia related disorders or other psychotic disorders. At the
outset, the current study anticipated the need for approximately 85 participants; however,
after the review of 381 clinical participant charts dating back to 2017, 68 participants met
inclusion criteria as per a final diagnosis of ADHD. As such, 82% of examined charts did
not meet inclusion criteria owing to a lack of established ADHD diagnosis (i.e., 18% of
the sample of referred patients were diagnosed with ADHD). Again, 33 of the 68
participants completed the ABRF and analyses were performed with the 33 participants.
This suggests the current data should be interpreted with caution, yet it provides signals
for future research to explore.
Descriptive statistics were used to characterize the study’s overall sample (n = 68)
including means, standard deviations, and frequencies or percentages. Participants were
predominately Caucasian (72.1%) and female (55.9%). Participants ranged in age from
20 to 65 with a mean age of 29 years. Participants also ranged in education level from 12
years to 22 years with a mean education level of 16 years. The overall sample can be
characterized as educated as more than half of the participants (61.8%) completed some
or all of college, 36.8% completed post college training and 1.5% completed only high
school. Descriptive statistics were also used to characterize the study’s 33 participants
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from the overall sample of 68, again including means, standard deviations, and
frequencies or percentages. Demographic information for the 33 of the 68 participants on
whom ABRF data were collected, and analyses run, indicated that, again, participants
were predominantly Caucasian (69.7%) and female (60.6%). The mean education level of
the 33 participants was 16 years. Again, analyses of the 33 participants indicated the
sample can be characterized as educated as 69.7% completed some or all of college
training and 30.3% completed post college training. Overall, the 33 participants on which
analyses for ABRF data were run is representative of the overall sample of 68
participants. Primary demographic data for the 68 participants are provided in Table 1
and primary demographic data for the 33 participants for which analyses were run, are
provided in Table 2. Means and standard deviations for all other variables and outcome
measures are presented in Table 3.
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Table 1
Primary Demographic Data for the 68 Participants
Variable
Age (years)
20-25
26-30
31-40
41-51
52-65

n (%)

M (SD)
29 (10.4)

31 (45.6)
16 (23.5)
13 (13.3)
4 (6)
4 (6)

Education (years)
12
13-16
17-22

16 (2.1)
1 (1.5)
42 (61.8)
23 (36.8)

Identified Gender
Male
Female

30 (44.1)
38 (55.9)

Race
Caucasian
African American
Mixed
American Indian
Armenian
Asian American
Hispanic
Indian
Indian American
Middle Eastern

49 (72.1)
7 (10.3)
3 (4.4)
1 (1.5)
1 (1.5)
1 (1.5)
2 (2.9)
1 (1.5)
2 (2.9)
1 (1.5)

61

ADHD SYMPTOMS AND NEUROPSYCHOLOGICAL MEASURES
Table 2
Primary Demographic Data for the 33 Participants
Variable
Age (years)
20-25
26-30
31-40
41-51
52-65

n (%)

M (SD)
27.9 (8.96)

16 (48.5)
10 (30.3)
5 (15.2)
0
2 (.06)

Education (years)
12
13-16
17-22

16 (1.88)
0
23 (69.7)
10 (30.3)

Identified Gender
Male
Female

13 (39.4)
20 (60.6)

Race
Caucasian
African American
Mixed
American Indian
Armenian
Asian American
Hispanic
Indian
Indian American
Middle Eastern

23 (69.7)
4 (12.1)
2 (6.1)
1 (3.0)
0
1 (3.0)
1 (3.0)
1 (3.0)
1 (3.0)
0
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Table 3
Outcome and Predictor Data
Variable
D-KEFS First Move Time in Seconds
D-KEFS Total Achievement Score
Ruff 2 & 7 Number of Omission Errors
CPT 3 Number of Commission Errors
ROCF Time to Copy Seconds
ROCF Copy Score
ABRF
PAI Anxiety T Score
PAI Depression T Score

M (SD)
5.61 (2.03)
17.22 (2.28)
23.69 (31.06)
41.93 (15.49)
156.53 (55.41)
33.22 (2.56)
15.94 (2.41)
65.31 (11.08)
64.66 (11.67)

The analysis of outcome variables found a mean D-KEFS First Move Time of 5
seconds with a mean Total Achievement Score of 17 out of 30 possible total points,
suggesting a lower overall score and a quick move time. The 2 & 7 Test had a mean
number of 23 omission errors out of a possible 600 errors, indicating few missed targets
over the course of the assessment. The mean number of commission errors on the CPT
was 41, indicating, on average, participants had a somewhat higher rate of responses to
incorrect targets. The mean ROCF Time to Copy was 156 seconds (2 minutes 26
seconds) out of a possible 300 seconds (5 minutes) with a mean Copy Score of 33 out of
a possible 36 points, indicating participants completed the copy trial well within the given
time frame and only made about three errors when replicating the design. Data were
available for the ABRF for only 33 of the 68 participants (48.5%). The mean ABRF score
was 15.94 (SD = 2.4) out of a possible 18 points, indicating a higher number of ADHD
symptoms. The mean T-score for anxiety as measured by the PAI was a 65.31 and a mean
score of 64.66 for depression. A T-score between 60 and 69 for depression on the PAI
suggests higher levels of unhappiness. A T-score between 60 and 69 for anxiety on the
PAI suggests higher levels of stress and worry. Approximately, 16.2% of participants
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reported clinical levels of anxiety, 55.9% of participants reported levels approaching
clinical significance, and 27.9% of participants reported minimal levels of anxiety.
Additionally, 26.5% of participants reported clinically significant levels of depression,
38.2% of participants reported elevated levels of depression, 30.9% of participants
reported minimal levels of depression. PAI depression scores were significantly

associated with the ABRF (r =-0.388, p = 0.026) and were included in regression models.
PAI anxiety scores were not significantly associated with the ABRF but included in
models as per hypotheses 1-3.
Pearson correlations evaluated relationships between the demographic variables
of age, race, gender and education and the outcome variable of the ABRF (Table 4). Race
was significantly associated with the ABRF (r = 0.348, p = 0.047). Depression was also
significantly associated with the ABRF (r = -0.388; p = 0.026) for the 33 participants.

Table 4
Correlation Matrix
Variable
Attention and
Behavior Rating
Form (ABRF)

Pearson Correlation
Sig. (2-tailed)
N

Age
-0.226
0.206
33

Race
0.348*
0.047
33

Gender
0.073
0.687
33

Education
-0.238
0.182
33

*p < .05

ABRF scores deviated from a normal distribution (K-S = 0.216, p < 0.001, Table, 5).
Normality assumes that the scores are normally distributed (bell-shaped) and that errors
or residuals are simply random fluctuations around the true line. To test normality, an
examination of a histogram and normal probability plot of the residuals was obtained and
examined (Figure 1). Transformations were attempted but normality did not improve.

Depression
-0.388
0.026*
33
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Therefore, non-transformed scores were utilized in analyses. Although the assumption of
normality was violated, non-parametric analysis and/or log transformations were not
utilized, despite consideration. Even though data were not normally distributed, there is
no non-parametric equivalent for a regression. As such, analysis using a correlation
would be insufficient as it would not necessarily answer the current research question by
not accounting for anxiety and depression. Additionally, utilizing one correlation would
not account for all of the neuropsychological predictors and race, which are examined in
the current study.

Table 5
Tests of Normality
Variable
Attention and
Behavior Rating
Form (ABRF)

Kolmogorov-Sminov
Statistic Df
Sig.
0.216
33
0.000

Statistic
0.794

Shapiro-Wilk
Df
Sig
33
0.000
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Figure 1
Attention and Behavior Rating Form Histogram

Although normality was violated, multicollinearity was not an issue.
Multicollinearity of variance assumes high associations or intercorrelations between
independent variables. In other words, “a situation in which two or more variables are
very closely linearly related” (Field, 2009, p. 790). Controlling for multicollinearity
helped to ensure potential relationships between independent variables would not weaken
the statistical power of the overall regression model.
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Statistical/Data Analysis
Statistical analyses were computed to examine whether variables from the CPT 3,
the D-KEFS Tower Test, the 2 & 7 Test, and the ROCF can predict ADHD symptoms in
adults. The variables were analyzed through the use of SPSS.
A linear regression model (ANOVA) evaluated the relationship between the
dependent variable for Hypotheses 1-3 (ABRF total score) and the independent variables
of first move time and total achievement on the D-KEFS Tower Test, omission errors on
the 2 & 7 Test, commission errors the CPT 3, and time to copy and a low accuracy copy
score on the ROCF Copy Trial. Race was entered as the first step in the model, followed
by PAI depression and anxiety scores, and finally the hypothesized independent
variables. For all three hypotheses, the assumptions of normality and multicollinearity of
variance were assessed prior to analysis.
H1 utilized a multiple linear regression to evaluate if D-KEFS Tower Test first
move time and total achievement score predicted ADHD symptoms while controlling for
depression and anxiety as assessed by the PAI. Independent variables were continuous
and included the D-KEFS Tower Test first move time and total achievement score and
the dependent variable is ADHD symptoms as measured by the ABRF’s overall score,
which is total number of symptoms endorsed (0-18 possible symptoms). The overall
model was significant (p = 0.034, Table 6) and accounted for 49.9% of the variance in
ABRF total scores (Table 7). Neither shorter first move time (p = 0.085), nor total
achievement (p = 0.543) on the D-KEFS Tower Test were significantly associated with
total scores on the Attention and Behavior Rating Form after controlling for depression
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and anxiety as assessed by the PAI (Table 8). Depression was significantly associated
with the ABRF (p = 0.019, Table 8).
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Table 6
ANOVAa
Model
SS
Regression 92.821
Residual
93.058
Total
185.879

3

df
9
23
32

MS
10.313
4.046

F
2.549

p
0.034b*

*p < .05
a
Dependent Variable: Attention and Behavior Rating Form (ABRF)
b
Predictors: (Constant), Race, PAI ANX T-Score, PAI DEP T-Score, D-KEFS First Move Time in Seconds, ROCF
Time to Copy in Seconds, D-KEFS Total Achievement Score, ROCF Copy Score, CPT3 Number of Commission
Errors, Ruff 2 & 7 Number of Omission Errors

Table 7
Model Summary of the Predictor Variable to the Criterion Variable
Model

R

R2

3

0.707

0.499

a

Adjusted Std.
R2
Error of
Est.
0.303
2.011

R2
F
Df1
Change Change

Df2

Sig. F
Change

0.300

23

0.070

Dependent Variable: Attention and Behavior Rating Form (ABRF)

2.298

6
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Table 8
Coefficientsa
Unstandardized Coefficients
Model
B
3 (Constant)
6.593
Predictor
Race
0.249
PAI ANX T Score
0.040
PAI DEP T Score
-1.00
D-KEFS First Move Time in Seconds
-0.332
D-KEFS Total Achievement Score
0.085
Ruff 2 & 7 Number of Omission Errors 0.96
CPT3 Number of Commission Errors
0.037
ROCF Time to Copy in Seconds
0.005
ROCF Copy Score
0.235

Std.Error
5.924

Beta

0.221
0.042
0.039
0.185
0.137
0.31
0.027
0.008
0.159

0.190
0.189
-0.554
-0.284
0.106
0.645
0.249
0.118
0.297

Standardized
Coefficients
T
Sig
1.113
.277
1.126
0.961
-2.533
-1.797
0.618
3.037
1.383
0.668
1.478

*p < .05
a.
Dependent Variable: Attention and Behavior Rating Form Total Score

H2 utilized a multiple linear regression to evaluate if the number of omission
errors on the 2 & 7 Test and the number of Commission errors on the Conners CPT 3
predicted ADHD symptoms while controlling for depression and anxiety as assessed by
the PAI. Independent variables are continuous and include number of omissions and
commissions and the dependent variable is ADHD symptoms as measured by the
ABRF’s overall score (0-18 possible symptoms). The number of omission errors on the 2
& 7 Test was significantly associated with scores on the ABRF (p = 0.005) and in the
direction hypothesized. Commission errors on the Conners CPT 3 was not significantly
associated with total scores on the ABRF (p = 0.180). Depression was significantly
associated with the ABRF (p = 0.019).
H3 utilized a multiple linear regression to evaluate if ROCF copy time and copy
score predict ADHD symptoms as assessed by the PAI. Independent variables are
continuous and include ROCF copy time and copy score while controlling for depression

0.272
0.346
0.019*
0.085
0.543
.005*
0.180
0.511
0.153
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and anxiety. Dependent variable includes ADHD symptoms as measured by the ABRF’s
overall score (0-18 possible symptoms). Shorter time to copy and accuracy copy score on
the ROCF Copy Trial were not significantly associated with total scores on the ABRF (p
= 0.511 and 0.153, respectively). Depression was significantly associated with the ABRF
(p = 0.019).
Sample Size and Power Considerations
A power analysis was calculated indicating that with 68 participants and a
medium effect size, and a significance level at 0.05, a power level of 0.68 was achieved.

ADHD SYMPTOMS AND NEUROPSYCHOLOGICAL MEASURES

72

CHAPTER 5: DISCUSSION
Interpretation
In addition to assessing and diagnosing psychological disorders,
neuropsychological assessments can be helpful tools in identifying and predicting
symptoms of specific disorders, such as ADHD. Although children are often assessed,
diagnosed, and treated for ADHD, adults are now being included in the growing numbers
of diagnoses (Gualtieri & Johnson, 2005; Nikolas, et al., 2019). Despite a variety of
neuropsychological assessments, some measures can be better predictors of ADHD
symptoms when compared to others. To contribute to the growing field of research
regarding the diagnosis of adult ADHD, the current study aimed at predicting ADHD
symptoms in adults from performance on the CPT 3, the 2 & 7 Test, the ROCF, and DKEFS Tower Test. Hopefully, this research can help to inform neuropsychological
practices within the emerging body of literature supporting the accurate prediction of
ADHD symptoms in adults while also providing important information regarding ADHD
symptom presentation in adults.
D-KEFS Tower Test and ADHD
Individuals diagnosed with ADHD have been found to have difficulty developing
and implementing a plan to complete a task that is not routinely performed (Mahone &
Hoffman, 2007). Furthermore, research conducted with children diagnosed with ADHD
found impairments in planning ability and organization skills (Durston, 2003). The
current study sought to further support previous research by examining how adult
performance on the D-KEFS Tower Test relates to the number of ADHD symptoms
present. H1 investigated first move time and the total achievement score on the D-KEFS
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Tower Test in relation to the overall ADHD symptoms endorsed on the ABRF, predicting
that that shorter first move time and a lower total achievement, would predict more
ADHD symptoms after controlling for depression and anxiety as assessed by the PAI.
This research study did not find a significant association between shorter first
move time or total achievement on the D-KEFS Tower Test and total scores on the
ABRF after controlling for depression and anxiety as assessed by the PAI. As such, H1
was not supported, indicating planning ability and organizational skills of adults were not
negatively impacted by ADHD symptoms.
CPT 3, the 2 & 7 Test, and ADHD
Previous research has proven that measures from the CPT were able to predict a
significant presence of ADHD symptoms suggesting a strong relationship between
ADHD and the CPT as a neuropsychological task (Epstein et al., 2003). Errors of
commission were found to signify symptoms of impulsivity, whereas errors of
omission, signify symptoms of inattention (Epstein et al., 2003). Additionally, the 2 &
7 Test requires sustained and focused attention, which have both been identified as areas
of deficit in individuals diagnosed with ADHD (Schoechlin & Engel, 2005). The current
study sought to further support these previous findings by predicting that adults with
ADHD will often miss targets, committing omission errors on the 2 & 7 Test and
incorrectly provide a response when one is not needed, committing commission errors on
the CPT 3. H2 posited that a higher number of omission errors on the 2 & 7 Test and a
higher number of commission errors on the CPT 3 would predict higher scores on the
ABRF while controlling for depression and anxiety as assessed by the PAI.
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This research study did not find a significant association between commission
errors on the CPT 3 and number of ADHD symptoms as measured by the ABRF;
however, a significant association was found between number of omission errors on the 2
& 7 Test and number of ADHD symptoms on the ABRF. As such, H2 was partially
supported, indicating that adults with ADHD struggle with focus and sustained attention.
ROCF and ADHD
The ROCF has been used to evaluate individuals with ADHD and previous
research conducted by Das and colleagues (2014), Schreiber and colleagues (1999) and
Wilens and colleagues (2004), indicated that adults with ADHD experience deficits in the
areas of visuospatial skills, memory, attention and vigilance, executive functioning,
unreliability, time management skills, turn taking in conversation and fidgeting. The
current study aimed to contribute to the limited research conducted with adults
diagnosed with ADHD by evaluating ROCF productions. Qualitatively evaluating
ROCF productions from adults with ADHD, may help to provide a more
comprehensive understanding of the potential deficits within the adult population
(Schreiber et al., 1999). H3 predicted that adults with a shorter time to copy and low
accuracy copy score on the ROCF copy trial would evidence higher scores on the
ABRF while controlling for depression and anxiety as assessed by the PAI.
This research study did not find a significant association between shorter time
to copy and a low accuracy copy score on the ROCF copy trial and more ADHD
symptoms as measured by the ABRF while controlling for depression and anxiety as
assessed by the PAI. As such, H3 was not supported, indicating that visuospatial
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skills, and organization and planning skills were not negatively impacted by
symptoms of ADHD.
Although only H2 was partially supported, PAI depression scores were
significantly associated with the ABRF, further supporting comorbidity of depression
and ADHD. Katzman (2017) found that ADHD and depressive symptoms often
overlap and are difficult to distinguish from one another. For example, several
overlapping symptoms between depression and ADHD include disturbed sleep and
appetite, changes in mood, and diminished energy levels (Katzman, 2017).
Additionally, stress and depression have been found to be a consequence of
undiagnosed or untreated ADHD (Alexander & Harrison, 2011). Depressive
symptoms have been identified as the likely consequence of a lower hedonic tone in
individuals with ADHD (Sternat et al., 2014). Therefore, recognizing the presence of
longstanding depressed affect, changes in appetite and suicidal ideation has been
identified as a key component in successfully diagnosing comorbid depression and
ADHD (McIntosh et al., 2009; Mao & Findling, 2014).
In addition to depression, race was significantly associated with the ABRF. As
previous research has indicated, rate and prevalence of diagnosis may be impacted owing
to differences in the tolerance of hyperactive behavior across cultures (Gomez-Benito et
al., 2019). Furthermore, endorsement of symptoms can be impacted by race and ethnicity
(Reid et al., 1998). Harvey and colleagues (2013) indicated that ethnicity is one of the
most common predictors of discrepancies in reporting of symptoms. The current study
provides further support regarding the use of self-report measures in the accurate
diagnosis of ADHD among different races. Self-report measures, such as the ABRF can
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help to provide subjective information regarding patient functioning in addition to
objective information captured in an objective neuropsychological evaluation.
Implications
The current study investigated the neuropsychological performance of adults
between the ages of 20 to 65 with an established diagnosis of ADHD. Adults’
performance on selected neuropsychological assessments, such as the CPT 3, the DKEFS Tower Test, the 2 & 7 Test, and the ROCF was examined.
Several implications can be drawn from the current study. The current research
study helps to inform future ADHD assessment approaches. For example, results may be
used to help develop a more concise ADHD battery. Perhaps not all the investigated
measures would need to be used within the same battery as they assess similar symptoms
of ADHD. For example, H2 was partially supported in that number of omission errors on
the 2 & 7 Test was found to be significantly associated with scores on the ABRF,
suggesting a higher number of missed targets on the 2 & 7 Test, is associated with more
symptoms of ADHD. Schoechlin and Engle (2005) suggested individuals with ADHD
were found to have pronounced deficits in focused and sustained attention, both of which
are measured by the 2 & 7 Test. As such, results from the current study further support
their finding in that individuals with ADHD experience impairments in focus and
attention.
In contrast with Fasmer and colleagues’ (2016) finding that adults with ADHD
had significantly more omission and commission errors on the CPT-II than those without
ADHD, the current study did not find a significant association between commission
errors and number of ADHD symptoms, as the second variable examined in hypothesis 2
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was not supported. As such, perhaps both the CPT and the 2 & 7 Test would not need to
be used within the same ADHD battery. Although commission errors and higher scores
on the ABRF were not significantly associated, hypothesis 2 found a significant
association between depression and the ABRF.
Additionally, results could potentially guide the development of a universal
neuropsychological ADHD battery. As the current data found a significant association
between number of omission errors on the 2 & 7 Test and a higher number of ADHD
symptoms, the 2 & 7 Test should be included in future ADHD batteries. Additionally, the
current results regarding the 2 & 7 Test support the use of this assessment to
neuropsychologically re-evaluate the presence of an ADHD diagnosis as Lemay and
colleagues (2004) and Ruff and Allen (1996) suggest that the 2 & 7 Test has adequate to
high test-retest reliability.
To further guide the developmental of a universal neuropsychological ADHD
battery, the current results inform the use of other neuropsychological measures not
examined within the scope of the current study. For example, Ruff and Allen (1995)
found that scores from the 2 & 7 Test were highly correlated with the Digit Symbol
subtest and the Block Span subtest from the WAIS-R. Despite updated versions of the
WAIS, the same subtests (Digit Symbol and Block Span, aka Block Design) are part of
the updated WAIS assessment, suggesting the need for the inclusion of this cognitive
measure in a universal ADHD battery. In other words, as most, if not all ADHD batteries
utilize a measure of overall intellectual functioning (e.g., WAIS) and given the current
results of the significant association between the 2 & 7 Test and ADHD symptoms, the 2
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& 7 Test, and the WAIS should be included in a universal neuropsychological ADHD
battery.
The current study also provides information regarding the targeting of specific
ADHD symptoms. Specific ADHD symptoms can be targeted through the potential use
the 2 & 7 Test as results suggests adults with ADHD present with a high level of
inattention. The current study helps provide a better understanding of the particular
scores on the 2 & 7 Test and the relationship between those scores and ADHD symptoms.
Overall, results may better inform the interpretation of an adult’s performance and
ADHD symptom presentation (e.g., difficulty with focused and sustained attention).
The current study also provides information regarding the targeting of specific
ADHD symptoms. Specific ADHD symptoms can be targeted through the potential use
of the D-KEFS Tower Test, the CPT 3, the 2 & 7 Test, and the ROCF. The current study
helps provide a better understanding of the particular scores on each assessment and how
those scores relate to ADHD symptoms. Overall, results may better inform the
interpretation of an individual’s performance and symptom presentation. Additionally, a
practicing clinician can use the current data to support their inclusion of the 2 & 7 Test in
an ADHD battery as it accurately found an association between number of omissions and
ADHD symptoms suggesting it appropriately assess difficulties in sustained and focused
attention. Furthermore, as previous research has found a correlation between the 2 & 7
Test and the WAIS, the WAIS should be included in an ADHD battery.
Finally, the current study emphasizes the importance of examining and
considering depression when evaluating adults for ADHD. This study found a significant
association between depression as measured by the PAI and higher ADHD scores on the
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ABRF suggesting adults with ADHD may also present with a higher degree of depressive
symptoms, such as high levels of unhappiness. Furthermore, the significant association
found between depression and ADHD symptoms suggest the potential for overlap in
symptom presentation and the need to differentiate between symptoms.
Limitations
Several limitations exist within the current research. As the current study
implemented a within-subjects design, there was no control group; therefore, differences
in performance of ADHD patients was not compared to adults without ADHD. Although
results provide important information about how performance of adults with ADHD on
selected neuropsychological tests can predict specific symptoms of ADHD, such as
difficulties with focused and sustained attention, conclusions cannot be drawn about
performance related to adults without ADHD. There is also no control group specifically
for the ABRF. Difficulties may arise when trying to examine if the differences in
performance on neuropsychological assessments and on the ABRF, are solely due to
ADHD or if individuals without ADHD have similar performance to those with ADHD.
Additionally, differences across male and female genders were not assessed. Not
exploring differences in performance between genders or performance between adults
with ADHD and without ADHD impacts generalizability of the results of this study.
Participant use of medication is also a limitation. Although participants were not
excluded from the current study if they were taking any medications, there were no
distinguishing procedures between those participants on medication compared to those
participants not on medication. Additionally, type and dose of medication was not
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considered. Therefore, some participants may be taking significantly higher doses and
different types of medications, which may impact test performance.
This study may have a limited applicability to neuropsychologists using the
examined assessments. Although assessments used in this study may be common within
some neuropsychological practices, not all neuropsychologists use them. Results are
limited to those neuropsychologists that specifically administer these four assessments to
measure and predict symptoms of ADHD. Similarly, the ABRF is not used by any other
neuropsychologists with the exception of the private practice from which the data for the
current study was collected. As such, the use of the ABRF is not currently a common
measure and therefore cannot be applied to use with other neuropsychologists. The
ABRF is not currently normed and although the current study aims to contribute to the
emerging psychometrics of the measure, the use of the ABRF is exclusive to the practice
from which the data were collected.
Another limitation of the current study is the power. As the initial calculated
power analysis indicated that, for a power level of 0.80 with a medium effect size and a
significance level at 0.05, 85 participants were needed, the current study consisted of 68
participants and, out of the 68, analyses were only run on 33, therefore, decreasing the
power. Perhaps more differences or more significance could have been found with a
higher power level. Furthermore, owing to a small sample, again the generalizability of
the study’s results is significantly impacted.
The sampling technique of this study is also a limitation. The current study did
not look at participants solely referred for ADHD. The current study looked at all clinical
referrals and then extracted those with an established ADHD diagnosis. Had the study
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examined individuals referred for ADHD, an overall diagnosis rate for ADHD could have
been determined.
Finally, the current research did not evaluate the occurrence of ADHD symptoms
in relation to other disorders in adults. Depression and anxiety have high comorbidity
rates with ADHD, which is why they were examined as covariates in this study. Other
comorbidities may exist; however, to achieve a preliminary understanding of which
neuropsychological tests can help predict symptoms of ADHD in adults, comorbidities
were limited to the two most common, depression and anxiety. Furthermore, a limitation
exists regarding symptom overlap. Often times symptoms of anxiety may overlap with
symptoms of ADHD. This may lead to overdiagnosis of ADHD. Although the current
study measured if anxiety symptoms are present through the use of the PAI, the study did
not specifically examine symptoms of anxiety in relation to symptoms of ADHD
regarding potential overlap.
Future Directions
Future research can build upon the results of this study and could explore
differences in neuropsychological performance and performance on the ABRF, between
adults with ADHD and adults without ADHD. A replication of the study would be
limited to the private practice from which the data were collected as the ABRF is not a
common measure within the neuropsychology community. The addition of a comparison
group will provide information regarding potential level of impairment related to adults
without ADHD. For example, adults without ADHD can also complete the ABRF and the
complete same neuropsychological assessments given to the adults with ADHD.
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Performances between groups could be compared to explore differences in impulsivity,
organization and planning skills, and inattention.
Future research would be beneficial in examining the differences between male and
female adults with ADHD in neuropsychological performance. Further research in this
area could build on studies, such as McDermott (1996), Ramtekkar, and colleagues
(2010), and Balint and colleagues (2009), which all suggest males tend to exhibit more
prominent symptoms of ADHD when compared to females.
Furthermore, future research may be helpful in further examining differences in
symptom presentation of ADHD in adults between males and females. Information
regarding differences in the manifestation of symptoms between males and females may
be helpful in providing further insight into the differences in areas of impairment
experienced by males compared to females.
Patients may not accurately report all symptoms during the intake process.
Symptoms not reported which may be associated with other disorders, may impact testing
performance, but perhaps not in relation to ADHD. Future research could expand on the
data collection process regarding the presentation and experience of symptoms associated
with other disorders. Gathering symptom information related to other psychological
disorders may be helpful in furthering the exploration of the impact of ADHD symptoms
on neuropsychological test performance. Identifying other disorders which may impact
performance can help to control for performance issues not necessarily related to ADHD
symptoms. Controlling for symptoms of other disorders provides greater strength for the
hypotheses that specific variables predict ADHD symptoms. As mentioned as a
limitation, the current study does not specifically examine symptoms of anxiety, rather it
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focuses on anxiety as a whole, therefore future research should focus specifically on the
potential overlap between, and similarities in symptoms of ADHD and anxiety. A focus
on symptom overlap may help to target potential overdiagnosis of ADHD. Perhaps a
measure, such as the Generalized Anxiety Disorder-7 (GAD-7) could be used to further
evaluate specific symptoms of anxiety and to provide a more detailed evaluation of
symptom topography.
As the ABRF is a new measure, it may be beneficial to look at the differences in
performance between age and gender on this form in the future. Looking at age and
gender as variables, may help to contribute to the emerging psychometrics of this
measure. A future study implementing the use of this measure and examining age and
gender differences in scores may help to better explain differences in performance in
individuals with ADHD. The current study utilizes the form as a symptom checklist;
however, future research examining different variables of the individuals completing the
form, may help to increase the generalizability of the results and better understand how
symptoms present differently among different ages and genders. For example, a future
study could hypothesize that younger males will score higher on the form and exhibit
more symptoms associated with hyperactivity and impulsivity when compared to older
males or even in comparison to females based on prevalence rates established for the
general population. It could also be hypothesized that females will score higher when
compared to males regarding symptoms of inattention rather than hyperactivity and
impulsivity. Looking specifically at gender or age can help provide greater insight into
symptoms presentation and symptom experience.
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Future research can also build upon the current study by further examining scores
on the ABRF in more detail. For example, future research could not only evaluate total
scores on the ABRF, but further distinguish between hyperactive/impulsive symptoms
endorsed and a total score of inattentive symptoms endorsed. This detailed evaluation can
provide further information regarding symptom presentation in adults with ADHD.
Additionally, scores of severity or frequency of symptoms endorsed could also be
evaluated to further provide information regarding ADHD symptom presentation in
adults.
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